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PREFACE 
This manual represents a cooperative effort by the National Aeronautics 
and Space Administration (NASA) and the Urban Mass Transportation 
Administration (lB!TA), with assistance from the U.S. Army Armament 
>lateriel Readiness Command (ARRCOM), the American Public Transit Associ- 
ation (APTA), The Hinchman Company, and SRI International. The objective 
of the manual is to aid rail rapid transit properties by providing 
practical solutions to selected corrosion problems. 
iii 
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Anode (ca thod ic  p r o t e c t i o n )  The expendable m a t e r i a l ,  u s u a l l y  bur ied ,  
through which d i r e c t  c u r r e n t  flows i n t o  
t h e  s o i l  (e.g.,  g r a p h i t e ,  h igh-s i l i con  
c a s t  i r o n ,  magnesium, and z i n c )  . 
Asperg i l lus  n i g r u s  A v a r i e t y  of  r e l a t e d  fungi  with cha ins  
of spores  a t t ached  t o  s t a l k s  on the  
swollen end of a  t h r e a d l i k e  branch 
(e.g. ,  yellow mildew). 
A u s t e n i t i c  s t a i n l e s s  s t e e l  A c o r r o s i o n - r e s i s t a n t  type of s t e e l  t h a t  
con ta ins  chromium .-nd n icke l .  
Autoca ta ly t i c  decomposition The chemical change of  a  
material--namely, t h e  breaking up i n t o  
c o n s t i t u e n t  elements,  which i s  ass is ted  
by t h e  presence of the  product genera ted 
by an i n i t i a l  r e a c t i o n .  
Bent -loop specimens 
Bond ing 
Ca l ib ra ted  shunt 
Spec ia l  specinlens t h a t  a r e  bent t o  p lace  
the  rubber c o a t i n g  under t e n s i l e  s t r e s s .  
The process  of e s t a b l i s h i n g  e l e c t r i c a l  
c o n t i n u i t y  through t h e  use of a  m e t a l l i c  
conductor.  
A s h o r t  conductor of known r e s i s t a n c e  
inder ted  i n t o  an e l e c t r i c a l  c i r c u i t .  By 
measurement of  t h e  vo l t age  drop a c r o s s  
the  shunt ,  the c u r r e n t  flow i n  t h e  
c i r c u i t  can be determined. 
Capi 1 l a r y  i n t r u s i o n  
Catenary 
Cathodic p r o t e c t i o n  
Cathode ( c o r r o s i o n )  
The r e s u l t  of  adhesion,  cohesion,  and 
s u r f a c e  t ens ion  i n  l i q u i d s  t h a t  a r e  i n  
con tac t  with s o l i d s ;  depending on 
whether the  adhesive  o r  cohesive f o r c e  
is  g r e a t e r ,  the l i q u i d  e i t h e r  r i s e s  o r  
f a l l s  i n  a t i n y  space o r  tube.  
The overhead con tac t  wire  of iin 
e l e c t r i f i e d  r a i l r o a d  o r  rapid  t r a n s i t  
system. 
The reducti . .  i o r  prevent ion of  co r ros ion  
of a meta l  s u r f a c e  by making t h a t  
s u r f a c e  the  cathode of an e lec t rochemica l  
c e l l .  Typical  tes!?niq*:ez use galvanic  
anodes o r  impressed c u r r e n t s .  ' . I 
The e l e c t r o d e  of an e lec t rochemical  c e l l  
a t  which reduc t ion  occurs ;  i n  co r ros ion  
p rocesses ,  t h e  cathode i s  the  a r e a  t h a t  
does not  corrode.  
Cathode (ca thod ic  p r o t e c t i o n )  The  s t r u c t u r e  t h a t  r e c e i v e s  d i r e c t  
c u r r e n t  from the  anode(s)  and is t o  be 
p ro tec  t.ed. 
Chromate primer 
Coating r e s i s t a n c e  
Conformal . vating 
Current  d e n s i t y  
Desiccator  
D i e l e c t r i i  coa t ing  
k.n undercoating composed of a s a l t  of 
chromic a c i d  and used t o  prepare  a 
s u r f a c e  f o r  ~ s i n t i n g .  
The e l e c t r i c a i  r e s i s t a n c e  of a c o a t i n g  
t o  the flow of c u r r e n t .  (The u n i t  of 
measurement i s  ohms square f e e t .  ) 
A c o a t i n g  t h a t  does not modify t h e  
e f f e c t i v e  shape o r  c ross  s e c t i o n  of t h e  
o b j e c t  t o  which i t  i s  app l i ed .  
The c u r r e n t  per u n i t  a r e a  of an 
e l e c t r o d e ,  u s u a l l y  expressed i n  terms of 
mi l l iamperes  per square  f o o t .  
A substance  t h a t  has a drying in f luence .  
A substance  app l i ed  t o  the  s u r f a c e  of a 
metal  t h a t  provides an e l e c t r i c a l  
r e s i s t a n c e  between the metal  and the  
environment (e .g . ,  s ~ c h  organic  coa t ings  
a s  polyethtllene t ape ,  c o a l - t ~  . enamel, 
and extruded po lye thy lene) .  
xii 
Dielec t r ic  s t rength 
(of a coat ing)  
Diode 
E lec t r i ca l  cont inui ty 
Elec t ro ly te  
Electrode 
Enzymatic mater ial  
Ester 
Exposure ( s t ray  current  
e f f e c t s )  
The d i e l e c t r i c  s t rength  of a coating 
r e f e r s  t o  the voltage a t  which the 
coating mater ial  w i l l  break down. (The 
un i t  of measurement is vo l t s  per mi l . )  
A so l id-s ta te  semiconductor device tha t  
permits cur ren t  passage i n  only one 
d i r ec t ion .  
The property of a s t ruc tu re  t o  a1 low 
conduction of e l e c t r i c a l  cur ren ts  by way 
of a continuous meta l l ic  pathway. 
A chemical substance, t he  moist s o i l  o r  
a l iquid solut ion,  t ha t  i s  adjacent t o  
and i n  contact with a bvried o r  
submerged meta l l ic  s t ruc tu rz  and tha t  
contains  ians tha t  migrate i n  an 
e l e c t r i c  f i e ld .  
A conductor used t o  e s t ab l i sh  e l e c t r i c a l  
contact  with the e l e c t r o l y t e  par t  of a 
c i r c u i t  (e.g., an anode or cathode). 
A mixture containing an organic 
substance tha t  causes changes i n  other  
substances by c a t a l y t i c  action. 
An organic compound formed by the 
reac t ion  between an acid and an alcohol.  
The discharge of d i r e c t  cur ren t  from a 
meta l l ic  s t ruc tu re  i n t o  the surrounding 
e l ec t ro ly t e .  In a r a i l  system, the  
me ta l l i c  s t ruc tu re  i s  the t rack.  
Faying surface The area  a t  which two objec ts  a r e  joined. 
A layer  of paint o r  o ther  mater ia l  
applied t o  weatherproof an exposed 
surface area. 
Floating s l ab  construct ion A concrete track s l ab  tha t  is  
mechanically i so la ted  from a subway 
s t ruc tu re  fo r  acous t ica l  damping. 
Forging plane The d i rec t ion  perpendicular t o  the 
forging d i rec t ion .  
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Hydrophobic c o a t i n g  
Impressed c u r r e n t  
Insu la ted  f i t t i n g s  
I n t e r f e r e n c e  bond 
I n t e r m i t t e n t  weld 
Lap j o i n t  
Leakage c u r r e n t s  
A meta l  t h a t  because of  i t s  r e l a t i v e  
p o s i t  i o n  i n  the  g a l v a n i c  s e r i e s  providts 
ca thod ic  p r o t e c t i o n  when coupled i n  a n  
e l e c t r o l y t e  t o  meta l  o r  me ta l s  t h a t  a r e  
lower i n  t h e  s e r i e s  ( i .e . ,  one type  of  
c a t h o d i c  p r o t e c t i o n ) .  
A ga lvan ic  coupl ing of d i s s i m i l a r  meta ls  
i n  an  e l e c t r o l y t e .  
The edges of  t h e  g r a i n s  w i t h i n  a metal. 
A b racke t  o r  angu la r  p i e c e  of meta l  f o r  
s t r eng then ing  a n g l e s  of a s t r u c t u r e .  
Any one of the  f i v e  a c t i v e  nonmetal l ic  
chemical elements:  f l u o r i n e ,  c h l o r i n e ,  
bromine, a s t a t i n e ,  and iodine .  
A substance  t h a t  promotes r e t e n t i o n  of 
moisture.  
A.coat ing t h a t  does not  absorb water o r  
o t h e r  l i q u i d s .  
Di rec t  c u r r e n t  supp l i ed  by a dev ice  ' 
us ing  a power source  e x t e r n a l  t o  t h e  
e l e c t r o d e  system used f o r  ca thod ic  
p r o t e c t  ion. 
Unions, coupl ings ,  o r  f l anges  t h a t  
permit  m e t a l l i c  and e l e c t r i c a l  
s e p a r a t i o n  of one s e c t i o n  of a s t r u c t u r e  
from another .  
A m e t a l l i c  connect ion between s t r u c t u r e s  
t h a t  cen be used t o  m i t i g a t e  c o r r o s i o n  
damage by c o n t r o l l i n g  the  c u r r e n t  
in terchange r e s u l t i n g  from ca thod ic  
p r o t e c t  ion. 
A weld t h a t  i s  not  cont inuous ,  thereby 
l eav ing  some segments unsealed.  
The ex tens ion  of one p a r t  over  ano the r  
p a r t  a t  t h e  p o i n t  where chey meet. 
Di rec t  c u r r e n t  t h a t  f o l l o ~ s  a path  o t h e r  
than along the  intended t r a c t i o n  power 
c i r c u i t .  
x i v  
Metal lo id  
Honocoque 
Negative system 
R a i l  c l i p s  
Spa1 1 
S t ray  c u r r e n t  
S t ray  c u r r e n t  bond 
S t r a y  c u r r e n t  d ra inage  
Sump a r e a  
Tannate 
Thermite ( o r  thermi t ) 
Tie-coa t 
Trac t ion  power 
k nonmetal t h a t  can combine wi th  a metal 
t o  form an a l l o y ;  a nonmetal t h a t  
resembles a metal .  
A type  of c o n s t r u c t i o n  i n  which 
s t r u c t u r a l  s t r e n g t h  is provided by t h e  
s k i n  and s k i n  formers. 
The r e t u r n  path f o r  t r a c t i o n  power 
c u r r e n t .  
The p o r t i o n  of a r a i l  f a s t e n e r  t h a t  
t r a n s f e r s  fo rce  from the  f a s t e n i n g  b o l t s  
t o  t h e  r a i l  f lange.  
An angular  rod o r  p in  t o  a t t a c h  a 
s t r u c t u r a l  member t o  concrete .  
A c h i p  o r  f l a k e  o f  s t o n e ,  me ta l ,  o r  
concrete .  
Current  f lowing through pa ths  o t h e r  than 
t h e  intended c i r c u i t .  
A m e t a l l i c  connect ion to  a l l o v  s t r a y  
c u r r e n t  t o  r e t u r n  t o  t h e  nega t ive  r e t u r n  
system. 
The flow of  s t r a y  c u r r e n t  through a 
m e t a l l i c  bonding connect ion,  mechanical 
c o n t a c t o r ,  o r  diode.  
A p i t  o r  w e l l  i n  which l i q u i d s  c o l l e c t .  
A s a l t  o r  compound of t a n n i c  ac id .  
(Tannic a c i d  is a yel lowish,  a s t r i n g e n t  
substance  de r ived  from p l a n t  sources . )  
A mixture of f i n e l y  g ranu la ted  aluminum 
and an oxide  of i r o n  o r  o t h e r  meta l  t h a t  
r e a c t s  t o  produce molten metal  f o r  
welding. 
An in te rmedia te  l a y e r  of  m a t e r i a l  t o  
bind one t h i n g  t o  ano the r  (usua l ly  a 
topcoat  of pa in t  t o  a pr imer) .  
The system t h a t  s u p p l i e s  t h e  t r a c t i o n  
fo rce  t o  draw the  t r a i n  over  the  t r a c k s  
a t  some v a r i a b l e  v e l o c i t y  opposed by 
i n e r t i a l ,  f r i c t i o n a l ,  and wicdage fo rces .  
Trarrsvarse grain 
Tubercle 
Web ( r a i l )  
Zerk-type f i t t  irg 
The grain of a metal that runs 
perpendicular to the direct ion of 
ro l l ing .  
A small rw.and projection or nodule. 
The vert ica l  portion of r r a i l  that 
conneers the ba l l  and the base. 
A type of  grease f i t t i n g .  
I INTRODUCTION 
A. Background 
Corrosion i s  defined a s  an undesirable in te rac t ion  3f a mater ial  with 
i t s  environment. This in te rac t ion  is usually a chemical ac t ion  tha t  
gradually e a t s  away tke mater ial .  Corrosion i s  of ten the factor  t ha t  
e s t ab l i shes  the l i fe t ime of equipment. According t o  s tud ie s  by the 
Nater ials  Technology I n s t i t u t e ,  the t o t a l  cos t  of corrosion loss  i n  ttre 
United S ta tes  i n  1976 was $70 bill ion--a marked increase from $8 b i l l i o n  
in  1965. Added t o  the d i r e c t  cos t s  of cor ros io~r  ore the resource cos ts  
for  energy (about 3.5X of the U.S. energy demand) and fo r  meta l l ic  
ores.  (Use of current  corrosion-control technology could reduce the 
annual. demand fo r  the meta l l ic  ore  by more than 2 ~ ~ " )  Other c o s t s ,  
which should not be minimized, r e l a t e  ta safe ty  and tlealth hazards f o r  
equipment users.  
The rapid t r a n s i t  industry is not f r ee  of corrosion problems. During a 
survey in  1983**, SRI, the National Aeronautics and Space Administra- 
t ion, Kennedy Space Center (NASA-KSC) end the U.S. Amy Armament Materiel  
Readiness Command (ARRCOM) iden t i f i ed  117 corrosion o r  mater ial  de te r -  
io ra t ion  problems a £  f ec t  ing the following r a i l  rapid t r a n s i t  propert ies  : 
o Chicage Transi t  Authority (CTA) 
o Massachusetts Bay Transportation Authority (MBTA) 
o Metropolitan Atlanta Rapid Transi t  Authority (MARTA) 
o Metropolitan DadeCounty, O f f i c e o f  Transportation 
Administrat ion 
o New Ycrk City Transi t  Authority (tlYCTA) 
>'* Obzut, John J . ,  "Corrosion is Our Net ional Disgrace, Iron .Age, 
p. 41, April 3, 1978. 
J;t The survey was conducted under contract  NAS10-9745, "Corrosion 
Control Technology Transfer: Phase I," co-funded by NASA and the 
Urban Mass Transportation Administration (UMTA) i n  1979. 
o Por t  Author i ty  T r a n s i t  Corporat ion (PATCO) 
o  San Francisco Bay Area Rapid T r a n s i t  D i s t r i c t  (BART) 
o  San Francisco Municipal Railway (Muni) 
o  Sou theas te rn  Pennsylvania Transpor ta t ion  Author i ty  (SEPTA) 
o Washington Metropol i tan  Area T r a n s i t  Author i ty  (WMATA) 
The c o r r o s i v e  environments of  va r ious  a r e a s  of  t h e  United S t a t e s  a r e  
mapped i n  Figure  1. A s  shown, t h e  g r e a t e s t  c o r r o s i v e  e f f e c t s  are 
experienced i n  t h e  c o a s t a l  and Great  Lakes regions--the l o c a t i o n s  o f  
most r a p i d  t r a n ~ i t  p r o p e r t i e s .  Urban r a p i d  t r a n s i t  managers and 
eng ineers  must g i v e  g r e a t e r  a t t e n t i o n  t o  cor ros ion  c o n t r o l  s o  as t o  
des ign and b u i l d  t r a n s i t  systems wi th  long s e r v i c e  l i v e s  at  reasonab le  
maintenance c o s t s .  The most economical form of  c o r r o s i o n  c o n t r o l  can be 
r e a l i z e d  when hardware is proper ly  designed,  f a b r i c a t e d ,  2nd 
maintained.  Indeed,  " v i r t u a l l y  a l l  cor ros ion  f a i l u r e s  r e s u l t  from 
improper a p p l i c a t i o n ,  c a r e l e s s n e s s  on t h e  p a r t  of  t h e  u s e r ,  o r  poor 
choice  of  m a t e r i a l s  o r  conf igura t ion  by t h e  des igner"  ( i b i d ) .  
I n  1979, dur ing  t h e  planning s t a g e  of  t h e  Metropol i tan  Dade County 
T r a n s i t  System, many NASA and Department of  Defense (DOD) co r ros ion  
c o n t r o l  documents were iden. t i f ied  f o r  technology t r a n s f e r  t o  t h e  t r a n s i t  
proper ty .  Much o f  t h e  m a t e r i a l  conta ined i n  t h e s e  documents d i d  no t  
apply t o  t h e  t r a n s i t  i n d u s t r y ,  however, and o t h e r  m a t e r i a l  r e q u i r e d  some 
i n t e r p r e t a t i o n  by t h e  t r a n s i t  engineer .  The need was expressed f o r  a 
cor ros ion  c o n t r o l  manual o r i e n t e d  t o  urban r a p i d  t r a n s i t  p roper ty  use. 
Th i s  manual responds t o  t h a t  need. 
B. Manual Development 
The manual was developed during 1980 and 1981 under t h e  t e c h n i c a l  
d i r e c t i o n  of t h e  Design Engineering D i r e c t o r a t e  at  NASA-KSC. Funding 
was provided by NASA and t h e  Urban Mass Transpor ta t ion  Adminis t ra t ion 
(UMTA).* Management of manual development w a s  provided by M r .  Ray 
G i l b e r t  of  NASA's Technology U t i l i z a t i o n  Branch and M r .  Roy P i e l d  of U M T A ' s  
O f f i c e  of Technical  Ass i s t ance ,  S a f e t y  & S e c u r i t y .  M r .  Lloyd O . G i l b e r t ,  
Chemist andcor ros ion  Consultant  at ARRCOM was r e s p o n s i b l e  f o r  t h e  author-  
s h i p  of  a major por t ion  of t h e  manual wi th  t h e  a s s i s t a n c e  o f  M r .  Joseph 
T. Menke, his a s s o c i a t e  at ARRCOM. M r .  G i l b e r t  and M r .  Menke a r e  t h e  
i n s t r u c t o r s  of' t h e  Prevent ion of  M a t e r i a l  D e t e r i o r a t i o n :  Corrosion 
Control  Course presented by AHRCOM. P o r t i o n s  of  t h e  manual. t h a t  cons ide r  
co r ros ion  problems r e l a t e d  t o  t h e  e l e c t r i c a l  system were authored by 
John H.  F i t z g e r a l d ,  P.E., Pres iden t  of  The Hinchman Company. Ass i s t ance  
wi th  t h e  w r i t i n g ,  organiz ing and e d i t i n g  of  t h e  manual was provided by SRI, 
*Contract NAS10-10040, "Corrosion Control  Technology Trans fe r :  
Phase 11," co-funded by NASA and UMTA i n  1981. 
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which received u s e r  agency advice  from a s p e c i a l  l i a i s o n  board formed by 
M r .  Frank Cihak and M r .  C a r l  Buhlman of  t h e  American Pub l i c  T r a n s i t  
Associa t ion ( APTA) . 
C. Manual Content and I n s t r u c t i o n s  f o r  Manual Use 
Because t h e  r a p i d  t r a n s i t  systems i n  North America a r e  i n  va r ious  s t a g e s  
of c o n s t r u c t i o n  and o p e r a t i o n ,  t h e  manual addressed c o r r o s i o n  problems 
i n  des ign,  cons t ruc t ion ,  and maintenance. Most important  i s  t h e  
s o l u t i o n  breakdown. Both des ign and maintenance ~ o l u t i o n s  a r e  provided 
-. f o r  each problem. P r a c t i c a l  and proven cor ros ion  c o n t r o l  t echn iques  a r e  
provided. The scope encompasses a l l  f a c i l i t i e s  of  urban r a p i d  t r a n s i t  
systems: s t r u c t u r e s  and t r a c k ,  p la t forms and s t a t i o n s ,  power and 
s i g n a l s ,  and ca r s .  The des ign and maintenance s o l u t i o n s  con ta in  
r e f e r e n c e s  t o  commercial products.  These r e f e r e n c e s  a r e  included f o r  
t h e  convenience of  t h e  t r a n s i t  engineer  and a r e  no t  endorsed by t h e  
au thors  o r  t h e  sponsoring agencies .  
Appended t o  t h e  manual a r e  d e s c r i p t i o n s  of  d i f f e r e n t  t y p e s  o f  ~::*rrosion 
and t h e i r  causes ;  d e s c r i p t i o n s  of  s e l e c t e d  r a p i d  t r a n s i t  p r o p e r t i e s ;  a 
l ist  of  corros ion c o n t r o l  committees; and NASA, DOD, and ASTM speci -  
f i c a t i o n s  and des ign c r i t e r i a  t o  which r e f e r e n c e  h a s  been made i n  t h e  
manual. A bibl iography of  papers  and e x c e r p t s  of r e p o r t s ,  uncovered 
during a l i t e r a t u r e  sea rch  on cor ros ion  c o n t r o l  f o r  r a p i d  t r a n s i t ,  
precedes t h e  appendices. For r e a d e r  convenience, a g l o s s a r y  of  
f r equen t ly  used terms i s  provided i n  t h e  f r o n t  of t h e  manual. 
The au thors  a r e  aware t h a t  t h e  manual does not  address  every  cor ros ion  
problem faced by r a p i d  t r a n s i t  p r o p e r t i e s .  It c o n c e n t r a t e s  on those  
problems i d e n t i f i e d  dur ing t h e  s i t e  survey. The i n c l u s i o n  o f  problems 
was l i m i t e d  f u r t h e r  by t h e  a v a i l a b i l i t y  of p r a c t i c a l ,  proven s o l u t i t > n s .  
The manuil addresses  some problems of o l d e r  systems t h a t  a r e  not  
app l i cab le  t o  new systems wi th  improved des igns .  For c e r t a i n  problems, 
p a r t i c u l a r l y  those  r e l a t e d  t o  s t r a y  c u r r e n t  c o r r o s i o n ,  a co r ros ion  
s p e c i a l i s t  should be consul ted .  
' -  
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A. Structural Members 
1. Location andOrientation 
a. Problem 
Corrosion or e need for excessive rnailttensnce of structural seeel can be 
the result af orientation of the  structural members. Vibration may 
either cont r ibu te  to the accumulation of sand, dus t ,  and other debr i s  on 
channel beams, angle beams, 11- and I-beams, or may discharge such accu- 
mulation when these members are properly oriented. For example, the 
vibration of channel beams with the flanges oriented in an upward poosi- 
tion does not prevent t h e  retention of debris. Girders are then sibject 
to poultice corrosion a8 debris and water accumulate at locations where 
beams join the vertical columns or i o ln  one another, ( In  Figure 2 ,  poul- 
t ice  corrosion is caused by poor draiuage.) 
FIGURE 2 .  POULTlCE CORROSION OF AERIAL STRUCTURE 
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b. Design and Maintenance So lu t ion  
Debris  i n  channels  with f l anges  p laced i n  a downward yos i txon  w i l l  be 
f lushed by r a i n  o r  loosened by v i b r a t i o n .  (See F igure  3. ) To prevent  
t h e  r e t e n t i o n  of mois ture  i n  channel beams and a t  i n t e r f a c e s  between 
beams and v e r t i c a l  columns, d r a i n  s l o t s  should be c u t  a t  t h e  sump a rea .  
Drain s l o t s  a r e  p r e f e r r e d  over  simple d r a i n  h o l e s  provided t h a t  
s t r u c t u r a l  c o n s i d e r a t i o n s  permit  t h e i r  use. Both water  and d e b r i s  w i l l  
be d ischarged from a s l o t ,  whereas a d r a i n  h o l e  i n  t h e  same g e n e r a l  
1ocati.on may become plugged wi th  a e b r i s .  A s t a t ement  t o  ensure  t h e  
above c r i t e r i a  should b e  a p a r t  of t h e  des ign  c r i t e r i a .  
CHANNEL BEAM 
NO YES 
FIGURE 3 ORIENTATION OF STRUCTURAL MEMBERS 
2. J o i n t s  and Fas teners  
a. Problem 
A common p r a c t i c e  t h a t  has  l ed  t o  c o r r o s i o n  d i f f i c u l t i e s  i n  r a p i d  
t r a n s i t  systems i 3  t h e  use  of two channel beams fas tened  t o g e t h e r  
web-to-web with i n t e r m i t t e n t  welds. ( s e e  Figure  4 , )  Even when 
prime-coated wit;, a convent ional  l ead  chromate primer,  t h e s e  a s s e ~ n b l i e s  
crevice-sorroda,  'hereby c r e a t i n g  s e r i o u s  maintenance problems. When 
r u s t  forms betveen the  painted s u r f a c e s  and washes o u t  dur ing  r a i n  
storms,  i t  s t a i n s  t h e  ad jacen t  s t r u c t u r a l  members and c o n c r e t e  f o o t i n g s ,  
o f t e n  i n i t i a t i n g  cor ros ion  of  o t h e r  members. Any l a p  j o i n t  between 
spacers  o r  nut  p l a t e s  constitutes a p o t e n t i a l  c o r r o s i o n  problem due t o  
t h e  c a p i l l a r y  i n t r u s i o n  of wa te r  between these  a d j a c e n t  s u r f a c e s .  Nut 
ORIGINAL: PAGE IS 
OF POOR QUALm 
p l a t e s ,  g u s s e t s ,  and spacero i n s e r t e d  between g i r d e r  webs a r e  a l s o  
s u b j e c t  t o  c o r r o s i o n ,  a s  a r e  t h e  webs. I n t e r m i t t e n t  welds,  u s u a l l y  used 
t o  prevent  warping of t h e  inating s u r f a c e s ,  a l a o  i n v i t e  c o r r o s i o n  due t o  
the  c a p i l l a r y  i n t r u s i o n  of water ,  
SEALANT 
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Welds, r i b e t s ,  and b o l t s  a r e  commonly used t o  f a s t e n  s t r u c t u r a l  
members. S t r u c t u r a l  i n t e g r i t y  o f t e n  depends on the  i n t e g r i t y  of t h e  
f a s t e n e r s .  With convent ional  methods of c o n s t r u c t i o n ,  which r e q u i r e  
r i v e t s  or  h igh-s t rength  b o l t s ,  s t r u c t u r a l  i n t e g r i t y  may be l o s t  a s  a 
r e s u l t  of r i v e t  s t r e t c h  o r  boll: breakage. Crevice c o r r o s i o n  between 
mating s u r f a c e s  produces a  volume of c o r r o s i o n  product t h a t  i s  g r e a t e r  
than t h e  volume of t h e  pa ren t  metal .  The wedging f o r c e  c r e a t e d  by t h e  
cor ros ion  product d i s t o r t s  mating s u r f a c e s ,  s t r e t c h e s  r i v e t s ,  and breaks  
welds and hlgh-s t rength  b o l t s .  
CR1GtNAt C A M  
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Oxygen concentration cell (crevice) co~rosion m y  ccus under rivet  and 
b o l t  heads at  t h e  catilcde even though a coatlng h a s  been a p p l i e d .  
Corrosion may also develop in weld areag i f  weld s p a t t e r  is not removed 
before paint or coating is applied. (See Figure 5 . )  When weld spatter 
is present, :he paint thickness may be less than tha t  pregcribed; hence, 
the protectiot, . ;ainst corrosia!~ may be less than adequate. Lf the 
spatter is allowed t o  adhere, tuberculation corrosion may develop 
beneath t h e  paint .  In Figure 5, weld spatter corrosion may be seen on 
the  a t e e l  vertical stiffener and tuberculatinn corrosion on the vertical  
support column. Weld areas between the  steel web flange stiffener and 
girder flange and a t  weldmenta on vertical  supports may develop 
knifelin~ corrosion (veld decay) in the heat-a£ fected z o m ,  cauded by 
contact with deic ing salts and other electrolytic materials, and be 
abetted by t h e  insufficiency of t h e  paint coat. Paint dlscoloratlcn 
(e.g., a bluish tint) i a  caused by the alkali that results from t h e  
corrosion process. Weld decay can result in structural deterioration. 
a, Vertical stiffener b. Weld s p a t t e r  011 
vertical st~ffener 
c .  Tuberculat ion corrosion of a e r i a l  support 
FIGURE 5 WELD SPATTER AND TUBERCULATIOR CORROSION ON AERIAL STRUCTURES 
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b. Design Solution 
To avoid the problems of crevice corrosion between adjacent members or 
lap joints, either an elastomeric sealant suck as MIL-S-81733 (an 
inhibited elastonreric polysulfide) should be used, or both faying 
surfaces should be coated with a zinc-rich primer. Wherever precut or 
mill-primed steel is used, the common practice of masking faylng surface 
areas should be specifically prohibited. In the past, the Steel 
Structures Painting Council recommended that all faying surfaces be 
masked (not painted). Unfortunately, this leads to crevice corrosion 
snd subsequent loss of structural strength. Seal-welding of 2ks edges 
of the faying members to exclude water and debris is inefiective 
primarily because weld-cracking then results from thermal expzz.s.irs:? ana 
contraction or from subsequent pressure of structural leads, 
The need to accommodate slight movement between faying surfacei 3 i i . .  s 
the application of the elastomeric sealant the preferred method , . ,a  
when both faying surfaces have been pre-primed. If an unprimed or 
unsealed joint is assembled without a means for excluding water, a mass 
of rust will be formed by crevice corrosion of the steei between the 
surfaces, 
In the not-too-distant past, the only faying-surface sealant used was a 
coat of primer applied at assembly. It is now known that even a slight 
themdl expansion caused by warm weather conditions breaks the brittle 
primer and regenerates the crevice. Hence, the superiority of the 
elastomeric sealants in these applications to accoinmodate slight 
movement is obvious. 
Fastener plates should not be attached between two channel or angle 
beams because the resulting gap between beams w~uld be too wide to 
retain a sealant and too narrow for coating or recoating. Instead, the 
plates should be attached at the flange or Inner angle as shown in 
Figure 4. 
An application of alkali-resistant paint, such as an epoxy or urethane, 
to bolts and other fasteners after installation will prevent alkali 
damage and subsequent corrosion caused by moistitre retention. 
c. Maintenance Solution 
The mating surfaces of metals, especially metals with dissimilar thennal 
expansion properties, should be protected against corrosion by an 
elastomeric sealant such as XIL-S-81733 to accommodate the different 
expansions, contract ions, and the vibrational movement. Paints and 
other coatings should not be used because cracks may form in the 
protective barrier and lead to corrosion and subsequent loss of 
structural strength. Weld spatter and weld flux must be removed before 
any coating is applied to ensure that the c.oating thickness will be even 
(Figure 6). These can be removed most effectively by chipping or 
abrasive blasting, followed by grinding of the weld to remove pockets in 
accordance with Steel Structures PsLitting Counsel SP-10. (A weld pocket 
is a gas bubble in the weld,) If neither chipping nor abrasive blast 1s 
* possible, an application of tannic acid followed by a water rinse 
should be made to transfonn the iron oxide into an innocuous iron 
* tannate. (See Figure 7. j 
PRESCRlBtJ 
LESS THAN PRESCRIBED AIR BUBBLE COATING 
COATING THICKNESS (LACK OF A.3iiESIONI THICKNESS 
WELL SPATTER 
FIGURE 6 ADVERSE EFFECT OF WELD SPATTER ON COATING THICKNESS 
* For example, Chesterton Rust Treatment manufactured by A. W. 
Chesterton Co. of Stoneham, Massachusetts. 
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Rusted surface ( I Rust translormed to passtvi. 
beiore treatment I I ~nsoluble sound base tor UNIVERSAL PRIMER (color 1s blua-black) 
Source: A. W. Chesterton Co., Stoneham, MA 
FIGURE 7 ELECTROCHEMICAL RZMOVAL OF RUST, 
BRITTLE METAL SCALE, WELD SPATTER, AND WELD FLUX 
As stated above, corrosion of a fastener plate that has been attached 
between two mated channel or angle beams has no maintenance solution. 
The gap created behind the plate will be too wide for retention of an 
elastomeric sealant and too narrow for surface coating. Corrosion 
control of channel beams with intermittent welds is possible, however, 
by edge-sealing the beams with an elastomeric sealant, such as 




Several problzms are inherent In the use of metal for aerial and surface 
structures. Certain trade-offs--including aesthetic and safety 
considerations--must be made in f.he choice of an appropriate alloy (and 
its heat treatment) for rcpid tr ;it systems. The selection of a 
weathering type  of  s t r u c t u r a l  steel i n  con junc t ion  w l t h  c o n c r e t e  may 
r e s u l t  i n  heavy r u s t  s ta i .n ing of  t h e  concre te .  Before t h e  s t e a l ' s  
r u s t - p r o t e c t i v e  l a y e r  can s t a b i l i z e ,  r u s t  w i l l  s lough from t h e  s t e e l  and 
may y e r n ~ a ~ l e n t l y  s t a i n  t h e  concrete .  I n  a d d i t i o n ,  a l though t h e  b e n e f i t  
of weathering s t e e l  i s  t h a t  i t  r e q u i r e s  no maintenance, i n  a  mois t  
atmosphere l t  i s  cont inuously  r u s t i n g ,  and hence t h e  p r o t e c t i v e  l a y e r  is 
repea ted ly  sloughed. Thus, weather ing s t e e l  is not  s u i t a b l e  f o r  use  i n  
c o a s t a l  a r e a s ,  underground, o r  i n  s t r u c t u r e s  t h a t  a r e  p a r t i a l l y  bur ied ,  
(such as rsignposts no t  s e t  on a c o n c r e t e  base).  Weathering s t e e l s  a r e  
recormnsnded f o r  c o n s t r u c t i o n  i n  most o t h e r  loca t ions .  I)ur:ng t h e  s h z  
period of p r e s t a b i l i z e d  s loughing,  t h e  c o n c r e t e  can  be p r o t e c t e d  by a  
p l a s t l c  shee t .  
I t  i s  d i f f i c u l t  to p r e d i c t  t h e  s p e c i f i c  c o r r o s i o n  r e s l s t a n c e  o f  a l l o y s ,  
p a r t i c u l a r l y  i n  t h e  c a s e  of  aluminum a l l o y s .  The s t r o n g e r  t h e  aluminum, 
t h e  mote s u s c e p t i b l e  i t  i s  t o  cor ros ion .  (See Table  A-1 i n  Appendix A 
f o r  a  ranking of a l l o y s  according t o  t h e i r  s u s c e p t i b i l i t y  t o  ga lvan ic  
cor ros ion .  
Oxygen concen t ra t ion  c e l l  c o r r o s i o n  may r e e u l t  f r o n ~  unseaied f a y ~ n g  
s u r f a c e s ,  i n t e r m i t t e n t  welds, and o t h e r  s i t u a t i o n s  t h a t  e n t a i l  any metal  
s t r u c t u r e  i t r  con tac t  wi th  another .  The s u s c e p t i b i l i t y  of meta l  a l l o y s  
t o  c o r r o s i o n  v a r i e s ,  and t h e  a l l o y  t h a t  is  most r e s i s t a n t  t o  c r e v i c e  
c o r r o s i o n  may not  o f f e r  s u p e r i o r  s t r e n g t h  o r  o v e r a l l  c o r r o s i o n  
r e s i s t a n c e  and inay not  be a v a i l a b l e  i n  t h e  shape/fonn r e q u i r e d  o r  a t  an 
accep tab le  p r i c e .  
A u s t e n i t i c  s t a i n l e s s  s t e e l s  a r e  widely used because they a r e  g e n e r a l l y  
c o r r o s i o n  r e s i s t a n t .  Because they a r e  normally used wi thout  a  p a i n t  
c o a t i n g ,  they a r e  s u s c e p t i b l e  t o  oxygen concentration c e l l  c o r r o s i o n  and 
such subsequent problems a s  d i s c o l o r a t i o n  (yel lowing)  and e v e n t u a l l y  
s u r f a c e  r u s t i n g .  A hlgh c h l o r i d e  environment w i l l  a c c e l e r a t e  t h e  
breakdown of  t h e  p r o t e c t i v e  oxide  coa t ing .  
( 2 )  Design and Maintenance S o l u t i o n  
S t r u c t u r a l  members should be e r e c t e d  on s u i t a b l e  f o o t l n y s  wi th  
"ready-bolts." I f  p r e e t a b i l i z e d  (weather ing)  s t e e l  is  used,  f o o t i n g s  
a r e  l e s s  l i k e l y  t o  becoine s t a i n e d .  ( Z r e s t a b i l i z e d  s t e e l  i s  more 
impermeable than s t e e l  t h a t  h a s  weathered f o r  roughly 1 y e a r  b e f o r e  i t  
is used i n  cons t ruc t ion . )  
Exposed s a f e t y  r a i l i n g s  should be  cons t ruc ted  of e i t h e r  a  SXXX o r  bXXX 
s e r i e s  aluminum a l l o y  anodized t o  provide  supplemental  c o r r o s i o n  
r e s i s t a n c e  t o  d e i c i n g  s a l t  and o t h e r  damaging res idues .  ( I n  c a s e s  where 
p a r t i c u l a r l y  s t r o n g  s t r u c t u r e s  a r e  r e q u i r e d ,  i t  inay be necessa ry  t o  use  
t h e  2XXX o r  7XXX s e r l e s  aluminuin alloy t h a t  1s h igh ly  s u s c e p t i b l e  t o  
corros ion.  X n  such caeas ,  s p e c i a l  c a r e  should be t aken  , such a s  
anodiz ing followed by an epoxy coa t . )  These r e s l d u e s  inc lude  
h e r b i c i d e s ,  s p i l l e d  food and d r i n k ,  d u e t ,  mud, and t r a s h .  ( ~ e t a l  should 
be c leaned on a r e g u l a r  b a s i s  t o  e n s u r e  t h e  ren~oval  of any potentially 
c o r r o s i v e  p a r t i c u l a t e  m a t e r i a l . )  
b. Coatings, Sealants, Plastics, and Elastomers 
(1) Zinc-Rich Coatings 
(a) Problem 
Exposed conventional mlli-primed structural steel with a modified alkyd 
resin paint top-coating requires frequent repainting, abrasive blasting, 
and a new top coat. In many cases, such maintenance is necessary every 
2-4 years. 
(b) Design Solutlon 
The National Association of Corrosion Engineers has indicated in its 
guidelines that I additional year added to the useful life of a coating 
system doubles the value of the coating. In one test, a nsar-whiee 
abrasive blasted structure coated with a 4 mil to 6 mil zinc-rich 
coating used at the Kennedy Space Center in Florida requlred no 
maintenance over an 18-year period. (See Appendix D, NASA Sheif 
Master.) This test proves that the incremental cost of abrasive 
blasting in conjunction with the application of a zinc-rich coating is a 
much more cost-effective anticorrosion technique than the mill prime 
modified alkyd method. 
If zinc-rich coatings are used on structures, the use of a top coat 
should be discouraged, except in a case where aesthetic considerations 
are significant. If a top coat 1s appl-ed, however, a suitable 
"tie-coat" helps to ensure top coat adhesion on the zinc-ri'ch surface. 
The use of a zinc-rich coating makes periodic blasting unnecessary, 
except in spots where rust is beginning to fom. In the best of 
circumstances, a new organic zinc-rich coating can be directly applied 
over a previous zinc-rich coating (either organic or inorganic). 
The two types of zinc-rich coatings, inorganic and organic, differ 
according to the binder used in them. A widely-used inorganic zinc-rich 
coating consists of 75% to 95% powdered zinc and 5% to 25% sodium 
silicate or potassium silicate. In comparison, an organic zinc-rich 
coating consists of the same conventional organic resin binder usually 
found in ordinary paint. Organic zinc-rlch coatings are available in 
epoxy, phenolic, phenoxy, alkyd, and vinyl resin varieties. Inorganic 
coating provides better corrosion resistance, better mechanical 
durability, and better heat resistance. Yet, where a top coat is 
necessary, an organic coating is preferable. On buried or underwater 
structures, a 4 mil to 6 mil coating of coal-tar epoxy prevents the 
rapid depletion of the zinc in the zinc-rich coating. 
A combination zinc-aluminum pigmented inorgan ic  c o a t i n g  product t h a t  h a s  
unrque p r o p e r t i e s  wi th  r e s p e c t  to  L ~ g h t n i n g  s t r i k e  protection and 
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e l e c t r o s t a t i c  c h a r g e . d i s s i p a t i o n  is  a v a i l a b l e .  Although t h i s  room 
temperature-cured c o a t i n g  is  nonconductive a s  a p p l i e d ,  i t  c a n  become 
conduct ive ,  d r a i n  o f f  a  charge ,  and then  become nonconductive again.  It 
both p r o t e c t s  a g a i n s t  c o r r o s i o n  and r e t a i n s  i t s  l i g h t n i n g  s t r i k e  and 
s t a t i c  d i s s i p a t i o n  p r o p e r t i e s  even a f t e r  i t  is covered w i t h  a  t o p  coa t .  
(c) Maintenance S o l u t i o n  
A primary c o n s i d e r a t i o n  i n  s e l e c t i n g  a  c o a t i n g  product ,  p a r t i c u l a r l y  a n  
inorganic  z inc-r ich  c o a t i n g ,  f o r  s t r u c t u r e s  i s  i t s  e a s e  of  a p p l i c a t i o n .  
The h igher  z inc  con ten t  (86% by weight)  s i n g l e  package inorgan ic  
c o a t i n g ,  f o r  example, is e a s i e r  t o  app ly  than the  mult ipackage ( 2  o r  3) 
inorgan ic  c o a t i n g  product.  
( 2 )  Urethane P a i n t s  
( a )  Problem 
A severe  environment--such a s  t h a t  found i n  many r a p i d  t r a n s i t  
systems--leads t o  a l l  types  of  corros ion.  Frequent tnaintenance means 
h igher  l abor  c o s t s  and inconvenience t o  passengers.  
(b )  Design S o l u t i o n  
Although s i l i c o n e  alkyd p a i n t s  have a  longer  s e r v i c e  l i f e  (more than  4 
yea r s  ) than do modified alkyd p a i n t s ,  t h e  more expensive  
a l k a l i - r e s i s t a n t ,  c a t a l y z e d  u re thane  p a i n t s  cat1 l e s t  as long a s  5 t o  10 
years  wi thout  r epa in t ing .  I n  a d d i t i o n ,  t h e  l a c t e r  t y p e s  o f  p a i n t s  
r e t a i n  t h e i r  g l o s s ,  shed d i r t ,  and a r e  c h i p - r e s i s t a n t .  
The e las tomer ic  n a t u r e  of the  ure thane enamels obta ined uncer  
MIL-C-8328b s e r v e s  t o  prevent  chipping and a b r a s i v e  damage even under 
foo t  t r a f f i c  when a p p l i e d  over  a n  epoxy primer such a s  MIL-Y-23377. 
Both t h e  u re thane  and epoxy c o a t i n g s  should be a p p l i e d  a t  a  mirnmuln d r y  
th ickness .o f  1 m i l  f o r  a  t o t a l  dry  t!iickness misimum of  2 m i l .  
Res is tance  t o  f e l t  pen and sinrker g r a f f i t i  is  a l s o  s u p e r i o r  t o  t h a t  of  
the  modified alkyd r e s i n  coa t ings .  Cleaning is  micimized because of t h e  
d i r t -shedding c h a r a c t e r i s t i c s  and t h e  h igh g loss .  Furthermore,  wheel 
d e b r i s  ( r u s t ,  o i l ,  and a b r a s i v e s )  i a  l e s s  l i k e l y  t o  adhere  and is e a s i l y  
removed i f  i t  does adhere. Rotary brush automated c l e a n i n g  w i l l  not  
produce t h e  mic rosc ra tch  p a t t e r n  generfi l ly encountered wi th  t h e  a c r y l i c  
o r  alkyd modified v i n y l  type of c o a t i n g s .  
* 
~ v a i l a b l e  from Sermetal  Inc . ,  Limerick b a d ,  Limerick, PA. 
( c )  Haintenance S o l u t i o n  
A sp ray  c o a t i n g  of  t h e  polya~nide epoxy primer (MIL-P-23377 o r  NASA- 
KSC -C-0001 ) should be followed by a  t o p  c o a t  of  polyurethane 
(MIL-C-832Pb). To ensure  adequate top-coat  adhesion,  t h e  polyamide 
epatxy primer should  be a p p l i e d  w i t h i n  10 hours. 
( 3 )  Hydrophobic Coat ings  
(a) Problem 
I f  n o t  kep t  c l e a n ,  t h i r d - r a i l  ~ c k r  , l a i n  i n s u l a t o r s  may develop wa te r  
a b s o r r , ~ l o n  and arc-over problems t h a t  can  r e s u l t  i n  c rack ing  of  the  
ins t l l a to r s .  That i s ,  i n s u l a t o r s  e t l c ~ u s t e d  wi th  srtlc, crirc, i rori  G U ~ C ,  
a d  o t h e r  p a r t i c ~ l a t e  m a t e r i a l s  can d i r e c t  s t r a y  ci:?rwnes i n t o  t h e  
srounci. 
Design and Maintenance So1u;ron 
- 
Appl ica t ion  of a  hydrophobic c o a t i n g  (MIL-R-81589) t o  t h e  g lazed  s u r f a c e  
of  a  porce la in  i n s u l a t o r  prevents  water  from s t reaming a c r o s s  the  
d i e l e c t r i c  by causing t h e  water  t o  "bead up," thereby e l i m i n a t i n g  eke 
fonrlation of  B continuous conduct ive  path.  The c o a t i n g  c a n  be  a p p l i e d  
t o  a clotlr pad and rubbed on a  g lazed s u r f a c e  where l t  fonns a 
~nonolnolecular f i lm. No f i l m  bu i ldup  w i l l  occur ,  and removal occurs  on ly  
by wear. Thus, t h e  s u r f a c e  of  a  p o r c e l a i n  i n s u l a t o r  t o  wl~ich a  
hydrophobic c o a t i n g  i s  a p p l i e d  becomes nonwettable and r e g i s t a n ,  t o  
u l t r a v i o l e t  r a d i a t i o n  and o t h e r  weather cond i t ions .  I t  a l s o  renlarns 
f r e e  of d u s t  and t r a c k  d e b r i s .  (Hydrophobic c o a t i n g s  a r e  a v a i l a b l e  from 
Unelka Corp, 727 li. 110th S t r e e t ,  Chicago, IL.) 
(4) Sea lan t s  
(a) Problem 
I n  t h e  p a s t ,  s t e e l  s t r u c t u r e s  were assembled wi thout  sea lxng  t h e  fayxng 
s u r f a c e s  of  s t r u c t u r a l  members. Consequently,  water  in t ruded  and caused 
a  s i g n i f i c a n t  amount of  r u s t ;  i n  f a c t ,  t h e  expanding volume of  r u s t  
caused s t r e t c h e d  r i v e t s ,  broken welds and high-s t rength  b o l t s ,  and 
broken f a s t e n e r s ,  and d i s t o r t e d  ~ i ~ e t a l  s t r u c t u r e s .  The u l t i m a t e  r e s u l t  
was xmpaired s t r u c t u r a l  i n t e g r i t y .  
Cb) Design and Maintenance S o l u t i o n  
Two methods a r e  being used f o r  prevent ing s t r u c t u r a l  decay wi thout  
d i smant l ing  of  the  me~abers. F i r s t ,  t he  mating s u r f a c e 8  can  be 
edge-sealed wi th  a n  i n h i b i t e d  e l a s t o m e r i c  s e a l a n t  such a s  MIL-S-81733. 
Th i s  s e a l a n t  w i l l  p revent  water  i n t r u s i o n  because t h e  s e a l a n t  w i l l  no t  
c rack  when exposed t o  thennel  ( s o l a r )  r a d i a t i o n  o r  v i b r a t i o n a l  l o a d ~ n g .  
Second, a  h o l e  can be d r i l l e d  ( o r  tapped) i n t o  the  c e n t e r  of  a l a r g e  
fay ing  s u r f a c e  a r e a ,  a zerk-type f i t t i n g  set i n  t h e  h o l e ,  and s e a l a n t  
i n j e c t e d  i n t o  t h e  space. 
A conrbinat ion o f  t h e s e  two t e c h n i q u e s  has been s u c c e s s f u l l y  used  on  
b r i d g e  s t r u c t u r e s  \#here heavy i n t e n a i t  t e n t  loadir ig r e s u l t s  i n  r u s t .  As 
t h e  r u s t  works ies way o u t  fram betwean t h e  f a y i n g  s u r f a c e s ,  ~t l o o s e n s  
kclsteiiars snrt i ~ i r p a i r s  l o a d - c a r r y ~ w  c a p a c i t y .  
( 5 )  Uzone-Resistant  E l a s tomers  
( a )  Problein 
-- 
X f  rubbe r  LS under t e n s i o n  and exposed t o  ozone ,  a s  i n  e l a s t o i n e r i c  
i n s u l a t i o n  pads,  l t  deve lops  c r a c k s .  \+hen r u b b e r  i s  under  colllpresslon, 
i t  e x t r u d e s  arid t h e  uxtr i tded p o r t i o n  1s under  t e n s i l e  stress and 
s u s c e y t  i b l e  t o  oeona c r ack ing .  
( b )  I k s i v n  and Maintenance S o l u t i o n  
'1'111. a p p l l c a c l o n  o f  a1.r ozone - r e s i s t t i n t  e l a s t o m e r  such a s  i ieaprene c a n  
p reven t  c r a c k s  rn ttre r u b b e r  u n l e s s  t h e  r u b b e r  colrrpoznd c o n t a i n s  a l a r g e  
alna\llit of r e c l a i n i  s t o c k  o r  p r o c e s s  o i l .  The neoprene  p rodbc t  s h o u l d  be  
t e s t e d  b e f o r e  a p p l i c a t i o n  t o  e n s u r e  i t s  col-lpl i a n c a  w i t h  ASTE! D 211U0, 
r a  4 . 2  2 a 4.3. Bent loop  s p a c i n ~ e n o  i n  acco rdance  w i c h  ASTF1 D 
S S O ,  Type U shou ld  a l s o  be t e s t e d ,  
1iul)ber s l t ~ u l d  neve r  be painted o r  conced w i t h  t l le  colmaercio.lly a v a l l a b l r t  
r u h b r r / v i n y l  p r e s e r v a t i v e  c o a t i n g s .  Although t h e s e  c q a t i n g s  h e l p  t o  
c o u r r o l  t h e  ~iullrber o f  c r a c k s  t h a t  fonlr, t h e  c r a c k s  t h a t  do o c c u r  are 
l a r g e r  and luore duionging. 
It. r lastonrc?ric  ! ) rod r~c t s  a r e  s u p p l i e d  v i t t ~ o u t  a n t i o z o n ~ ~ r t ,  Cop ica l  
i lppL\cat ion of tlie at i t  i o ~ o n a n t  NIL-D-50,UOO is  a c c e p t a b l e ,  w i  t h  e q u a l  
dmaui~tu ul:' d ~ c t y  l l~arept~t?~~yle~rt?~i t t~~rr i t te  arid :icecon& d p p l l e d  t o  t h e  
s u r f a c e  of t h e  rubber .  Two c o a t s  a p p l i e d  i n  acco rdance  w i t h  ASTM 
sptw i f  l c a t i o n s  a s  i d t ? n t i f  i e ~ i  above w i l l  e n s u r e  co~r ip le te  ozone 
r e s i s t t i nce .  (:are should  be t aken  n o t  t o  s t a i n  p a i n t e d  s u r f a c e s .  
(b) Polyuret t rane Iinaaal 
Erosion of t h i r d - r a i l  c o v e r s  r e s u l t s  from c l ra lk iny  o f  t h e  p o l y e s t e r  
r e s i n  h i n d e r  used i n  t h e  coat in^, I n  p a r t i c u l a r ,  p o l y e s t e r  o r  epoxy 
conrposi tes  a r e  s u s c e p t i b l e  t o  u l t r ~ v i o l e t  r a d i a t i o n  t h a t  c a u s e s  
d e l r l ~ n i n a t i o n  slid u l  t i i l late d e t e r i o r o c i o n  o f  t h e  cove r s .  
( b )  l )es iga  and Maintenance S o l u t i o n  
l )z t t? r iorc l t ion  o f  t h i r d - r a i l  c o v e r s  c a n  be preven ted  by t h e  a p p l i c a t i o n  
of a s p r a y  c o a t  o f  po lvu ra thene  enonlel such  a s  NIL-I;-832th. T h i s  
co t l t i~ t t l  is n o t  a f f e c t e d  by u l t r c t v i o l a t  r d d l a t l o ~  o r  wua the r lng ,  ~t 
r e t a i n s  i ts  g l o s s ,  and it i s  a v a i l a b l e  i n  a l l  co lo r s .  Because t h e  f i b e r  
g l a s s  p o l y e s t e r  o r  epoxy and u re thane  adhere  to  each o t h e r ,  a  primer i s  
no t  r equ i red .  
B. Track 
-
1. Third  R a i l  
-
a. Problem 
The a p p l i c a t i o n  of c o l l o i d a l  g r a p h i t e / g l y c o l  mixtures  t o  t h e  t h i r d  r a i l  
as a n  a n t i i c e r  under s l e e t i n g  c o n d i t i o n s  a c c e l e r a t e s  t h e  c o r r o s i o n  of 
t r a c k  and f a s t e n e r  components. Graphi te  is  a  rnetaloid t h a t  i s  ca thod ic  
t o  a l l  meta ls  except  p la t inum o r  gold. As a r e s u l t ,  i t  a c c e l e r a t e s  t h e  
c o r r o s i o n  of a l l  s t r u c t u r a l  meta ls .  Because i t  i s  a  conduct ive  
m a t e r i a l ,  g r a p h i t e  a l s o  c o n t r i b u t e s  t o  s t r a y  c u r r e n t  problems a s s o c i a t e d  
wi th  t h e  t r a c k .  
b. Design and Maintenance S o l u t i o n  
The use  of c o l l o i d a l  g r a p h i t e / g l y c o l  mixtures  a s  a maintenance procedure 
i n  severe  weather should be avoided. I n s t e a d ,  submicron s i z e  s i l i c a  
m a t e r i a l s  should  be  used and mixed wi th  t h e  g l y c o l  a s  a  t r a c k  a n t i i c i n g  
m a t e r i a l .  
2. Concrete T i e s  
a. Problem 
Concrete t i e s  a r e  s u s c e p t i b l e  t o  c h l o r i d e  p e n e t r a t i o n  and subsequent 
d e t e r i o r a t i o n ,  Chlor ide  a t t a c k s  t h e  s t e e l  r e i n f o r c i n g  rods  thereby 
causing cor ros ion .  Because t h e  c o r r o s i o n  product occupies  a  volume 
g r e a t e r  than t h e  meta l  from which i t  is  formed, t h e  c o n c r e t e  c racks ,  
s p a l l s ,  and exposes t h e  r e b a r  t o  d i r e c t  atmospheric a t t a c k .  
b. Design So lu t ion  
The des ign  should s p e c i f y  an  imyenrtzable concre te .  To make t h e  s u r f a c e  
of concre te  t i e s  more r e s i s t a n t  t o  wear, c h l o r i d e  p e n e t r a t i o n ,  and 
mois ture ,  a  sodium s i l i c a t e  c o a t l n g  can be app l i ed .  Four p a r t s  of 
s i l i c a t e  t o  one p a r t  of water  by volume t h a t  i s  a p p l i e d  t o  c o n c r e t e  t h a t  
has  been kept  wet and covered f o r  24 h o u ~ s  w i l l  p rovide  a  s u r f a c e  f i l m  
t h a t  s e a l s  the  concrete .  S h o ~ l d  the  c o n c r e t e  become wet w i t h i n  6 hours  
a f t e r  t h e  application, t h e  sodium s i l i c a t e  t rea tment  (one p a r t  silicate, 
one p a r t  wa te r )  should be  reapp l i ed .  
Reinforc ing b a r s  can be p ro tec ted  from c o r r o s i a n  by c n  a p p l i c a t i o n  of 
epoxy p a i n t  (MIL-P-23377, Type I A )  o r  inorgan ic  z inc - r i ch  c o a t i n g  
[MIL-P-23236A (SH), Type I, Class  3  and NASA-KSC-C-Cool]. 
c. Maintenance Procedure 
Aged concre te  should be c leaned wi th  a n  a p p r o p r i a t e  c o n c r e t e  c l e a n e r .  
A f t e r  the  c lean ing  is completed, a sodium s i l i c a t e  s o l u t i o n  should be 
app l i ed .  On concre te  t h a t  is  more than 1 month o l d ,  a  s u r f a c e  s e a l  can  
be e f f e c t e d  by brushing wi th  a mixture  o f  f o u r  p a r t s  wa te r  and one p a r t  
sodiurn s i l i c a t e .  
111 TRACK AND STRUCTURES : SUBWAY 
A. Tunnel 
1. I n v e r t  
a .  J o i n t s  
( 1 )  Problem 
I n  me ta l - l i ned  t u n n e l s ,  t h e  i n v e r t  o f  r e i n f o r c e d  c o n c r e t e  i s  c o n s t r u c t e d  
a f t e r  t h e  t u n n e l  can  be l i n e d  wi th  t h e  m e t a l  segments. For c o n c r e t e -  
l i n e d  t u n n e l s ,  t h e  i n v e r t  is  an i n t e g r a l  p a r t  o f  t h e  l i n e r  w i th  con- 
s t r u c t i o n  j o i n t s ,  which a r e  s e a l e d ,  a long  t h e  s i d e s .  I n  t h e  l a t t e r  
c a s e ,  c r a c k s  may deve lop  a s  a  r e s u l t  of s h r i n k a g e ,  f a u l t y  c u r i n g ,  o r  
t empera tu re  changes.  Inadequa te  s e a l i n g  a t  t h e  j o i n t  between t h e  i n v e r t  
and tunne l  l i n e r  a l l o w s  m o i s t u r e  i n t r u s i o n  t h a t  d e t e r i o r a t e s  t h e  i n v e r t  
and l i n e r .  Mois ture  l e a k s  through c r a c k s  and c a u s e s  a  h igh  humidity i n  
t h e  subway t u n n e l ,  r e s u l t i n g  i n  t r a c k  bed d e t e r i o r a t i o n  and c r e v i c e  
c o r r o s i o n  between t h e  r a i l  and r a i l  f a s t e n e r .  
Design S o l u t i o n  
I f  s t e e l  is used t o  r e i n f o r c e  an  i n v e r t ,  t h e  s t e e l  should  be comple t e ly  
covered  wi th  a  3-in. minimum t h i c k n e s s  of c o n c r e t e .  L iquid  g r o u t i n g  
m a t e r i a l s  shou ld  b e  a p p l i e d  t o  t h e  i n t e r i o r  and e x t e r i o r  i n v e r t  j o i n t s  
C 
c o n s t r u c t e d  of  r e i n f o r c e d  c o n c r e t e .  S e a l i n g  i s  accomplished wi th  
MIL-S-81733 i n h i b i t e d  s e a l a n t .  ( A d d i t i o n a l  i n fo rma t  i on  can be ob ta ined  
from the  American Concre te  I n s t i t u t e ' s  "Guide t o  J o i n t  S e a l a n t  f o r  Con- 
c r e t e  S t r u c t u r e s , "  ACI-504R-77.) The d e s i g n  must a l s o  p rov ide  f o r  
d r a i n a g e  of  t h e  t r a c k  bed t o  e n s u r e  t h a t  m o i s t u r e  i s  no t  r e t a i n e d  i n  t h e  
e v e n t  t h a t  l e akage  occu r s .  
( 3 )  Maintenance S o l u t i o n  
Inadequa te ly  s e a l e d  o r  l e a k i n g  i n v e r t  j o i n t s  should  be t r e a t e d  wi th  a n  
a p p r o p r i a t e  g r o u t i n g  o r  s e a l a n t .  Urethane e s t e r  m a t e r i a l s  should  not  be 
used f o r  s e a l i n g  because high humidity t e n d s  t o  b reak  down t h e s e  mater-  
i a l s .  The use  of  room-temperature v u l c a n i z i n g  (RTV) s i l i c o n e  s e a l a n t s  
t h a t  emi t  a c e t i c  a c i d  vapor s  should  a l s o  be avoided u n l e s s  adequa te  
v e n t i l a t i o n  o r  d i s s i p a t i o n  of t h e  vapor s  is  provided .  S a n d - f i l l e d  epoxy 
i s  an  e:rcei lent  m a t e r i a l  f o r  s e a l i n g  t h e  c o n c r e t e  o r  f o r  t h e  r e p a i r  o f  
d e t e r i o r a t e d l c r a c k e d  c o n c r e t e  s t r u c t u r e s .  (See S e c t i o n  B. 2. b. ) 
t Quar tz  o r  s i m i l a r  m a t e r i a l  manufactu'ed by Belzona Molecular  
I n c o r p o r a t e d ,  224 Seventh S t . ,  Garden C i t y ,  NY 11530. 
( 1 )  Problem 
R e l a t i v e l y  h igh  amounts o f  s u l f a t e  o r  s u l f i d e  w i th  low pH ( h i g h  a c i d )  i n  
s o i l s  e x t e r n a l  t o  c o n c r e t e  t u n n e l s  may c a u s e  premature d e t e r i o r a t i o n  o f  
t h e  c o n c r e t e .  Water s eepage ,  which w i l l  be a c i d  w i th  co r r e spond ing  
amounts o f  s u l f a t e ,  c an  a t  t a c k  t h e  r e i n f o r c e d  c o n c r e t e  i n v e r t .  Concerns 
f o r  c h e n i c a l  a t t a c k  t o  e x t e r n a l  s u r f a c e s  of t u n n e l s  a r e  r e l a t e d  t o  
p u b l i c  s a f e t y  and economic l o s s e s  due t o  s t r u c t u r a l  d e t e r i o r a t i o n .  
If s u l f i d e s  a r e  p r e s e n t  i n  s o i l s  of an a r e a  where c o n c r e t e  t u n n e l s  a r e  
p lanned ,  water  pumping t o  lower t he  wa te r  t a b l e  t e m p o r a r i l y  t o  
f a c i l i t a t e  c o n s t r u c t i o n  may r e s u l t  i n  an a c i d  s o i l  w i th  a  high s u l f a t e  
c o n t e n t .  The s u l f i d e  i n  t he  s o i l  above t h e  lower wa te r  t a b l e  w i l l  no 
l onge r  be p r o t e c t e d  by a s t a b l e  environment  and w i l l  e v e n t u a l l y  o x i d i z e  
t o  t he  s u l f a t e  w i th  r e s u l t a n t  a c i d  s o i l .  When t h e  r e p l e n i s h i n g  wzters 
from e i t h e r  r a i n  o r  flow froin a d j a c e n t  a r e a s  leach  t h e  a r e a ,  
c o n s t r u c t i o n  proceeds  i n  an e a r t h  and ground wa te r  c h a r a c t e r i z e d  by a  
low pH and h igh  s u l f a t e  ( s u l f u r i c ) .  
( 2 )  Design S o l u t i o n  
The component i n  cement t h a t  i s  a t t a c k e d  by t h e  s u l f a t e  is  t r i c a l c i u m  
a luminate .  Hence, t h e  amount of ca lc ium a lumina t c  i n  t h e  p o r t l a n d  
cement c o n c r e t e  should  be  lower t han  normal t o  i n h i b i t  s u l f a t e  a t t a c k .  
The u s e  of  Type I1 AS13 C-150 cement w i l l  keep t h e  a lumina t e  below 8% 
and should be used f o r  s o i l s  w i th  a  pH below 5.5. The u s e  of  Type V 
cement w i l l  lower t he  a lumina t e  t o  a  maximum o f  5% and should  be used 
where s o i l s  a r e  more a c i d i c .  
Add i t i ona l  gu idance  f o r  b a r r i e r  p r o t e c t i o n  a g a i n s t  chemica l  a t t a c k  of 
undergound c o n c r e t e  c a n  be o b t a i n e d  from American Conc re t e  I n s t i t u t e  
P u b l i c a t i o n ,  A C I  515R-66, "Guide f o r  t h e  P r o t e c t i o n  of Concre te  Against  
Chemical At tack  by Means of Coat ing  and Other  Cor ros ion  R e s i s t a n t  
M a t e r i a l s . "  Coat ings  such a s  a  sodium s i l i c a t e  can  be used  on  c o n c r e t e  
s t r u c t u r e s  t o  prevent  m o i s t u l ~  and a c i d  penetration. A d i l u t e d  s o l u t i o n  
of one p a r t  (by volume) sodium s i l i c a t e  and 4  p a r t s  water  i s  brushed on 
-;r t h e  conc re t e .  Two o r  more c o a t s ,  a p p l i e d  a t  24-hr i n t e r v a l s ,  w i l l  be 
r equ i r ed  t o  s a t u r a t e  t h e  po re s .  
( 3 )  Maintenance S o l u t i o n  
When conven t iona l  c o n c r e t e  d e t e r i o r a t e s  such t h a t  c r a c k i n g  and c h i p p i n g  
a r e  obse rved ,  t h e  i n v e r t  may be r e i n f o r c e d  w i t h  a  s a n d - f i l l e d  epoxy. 
Small h o l e s  may be d r i l l e d  i n  t h e  i n v e r t  i n t o  which a s a n d - f i l l e d  epoxy 
is troweled and a l lowed t o  c u r e .  
1 A v a i l a b l e  from PQ Corpora t ion ,  Val ley  Forge,  PA 19482. 
2. Tunnel L ine r s  and Appurtenances 
a. Problem 
I n  most underground s t r u c t u r e s ,  h igh  humidity r e s u l t s  from m o i s t u r e  
i n t r u s i o n  and subsequent  condensa t ion .  S t e e l  o r  c a s t  i r o n  t u n n e l  l i n e r s  
and o t h e r  s t r u c t u r a l  s t e e l  comporrents i n  subway a r e a s  c o r r o d e  ( r u s t )  a s  
a  r e s u l t  of poor o r  n o n e x i s t e n t  p r o t e c t i v e  c o a t i n g s .  S t e e l  components 
i nc lude  t h e  ga lvan ized  s t e e l  p ipe  f o r  t h e  f i r e - e x t i n g u i s h i n g  s p r i n k l e r  
system. Inadequate  v e n t i l a t i o n  and plug4ed d r a i n s  may a l s o  c o n t r i b u t e  
t o  t h e  problem. 
b. Design S o l u t i o n  
S t e e l  components used f o r  i n t e r n a l  underground s t r u c t u r e s  should  be 
p re roa t ed  wi th  a  z i n c - r i c h  pr imer  p r i o r  t o  assembly. E x t e r n a l  s u r f a c e s  
of t unne l  l i n e r s  should  be g iven  a  7- r~ 10-mil c o a t i n g  o f  c o a l - t a r  
epoxy i f  c a t h o d i c  p r o t e c t i o n  i s  be ing  u t i l i z e d .  I f  no c a t h o d i c  p ro t ec -  
t i o n  is  used ,  c o a t i n g  wi th  a  c o a l - t a r  epoxy should  be preceded by t h e  
a p p l i c a t i o n  o i  3-4 m i l s  o f  a  z i n c - r i c h  pr imer  [~1~-P-23236A(SH) ,  Type I ,  
C l a s s  3 and NASA-KSC-C-0001 ] . 
Adequate d r a i n a g e  must be provided  t o  e l i m i n a t e  any accumula t ion  of  
water .  I n  a d d i t i o n ,  adequate  v e n t i l a t i o n  i s  r e q u i r e d  t o  p rov ide  d r y  a i r  
i n  t h e  subway s h a f t  o r  t unne l .  V e n t i l a t i o n  is a l s o  r e q u i r e d  d u r i n g  t h e  
c o n s t r u c t i o n  pe r iod  s i n c e  t he  "pumping e f f e c t "  of t r a i n s  p a s s i n g  through 
cannot  d ry  ou t  t h e  t unne l  a t  t h i s  t ime,  
c. Maintenance S o l u t i o n  
Maintenance p rocedures  wi'i 1 depend on t h e  deg ree  t o  which t h e  s t r u c t u r e  
has d e t e r i o r a t e d ,  t h a t  i s ,  l o c a l l y  o r  th roughout  t h e  s t r u c t u r e .  Long- 
term maintenance v e r s u s  temporary r e p a i r  p rocedures  must a l s o  be  
cons ide red .  
Abrasive b l a s t i n g  t h e  s t e e l  and app ly ing  a z i n c - r i c h  primer 
[ NASA-KSC-C-0001 and MIL-P-23236A( SH) , Type I,  C l a s s  31 w i l l  p r o v i d e  
long-term c o r r o s i o n  p r o t e c t i o n .  For  sho r l - t e rm p r o t e c t i o n  on s t e e l  
wi thout  a b r a s i v e  b l a s t i n g ,  w i r e  b ~ u s h i n g  fo l lowed by t a n n a t e  t r e a t m e n t s  
and epoxy p r imer s  ( such  a s  MIL-P-23377) c a n  be u t i l i z e d .  (See Chapter  
I I ,  Sec t  ion A. 2.c. 1. Regular  and e f f e c t i v e  c l e a n i n g  p r a c t i c e s  e s p e c i a l l y  
i n  t he  s t a t i o n  a r e a s  must be provided  t o  e n s u r e  t h a t  d e b r i s  does  n o t  
c l o g  d r a i n s .  
3 .  Con t ro l  Boxes 
a. Problem 
The p re sence  of h igh  humidity and p o l l u t a n t s ~ c o n t a m i n a n t s  s e r i o u s l y  
degrades  e l e c t r i c a l  equipment i n  c o n t r o l  boxes i n  subway a r e a s .  Ozone 
gene ra t ed  a s  a  r e s u l t  of a r c i n g  from shoes  on t h e  t h i r d  r a i l  c o n t r i b u t e s  
t o  t h e  c o r r o s i v e  env i roncen t  i n s i d e  t h e s e  boxes ( s e e  F i g u r e  8.)  Ozone 
i n  c o n t a c t  w i th  a i r  produces n i t r o g e n  o x i d e s  (NO,). 
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b. Design So lu t ion  
The use of copper f o r  e l e c t r i c a l  c o n t r o l  boxes w i l l  so lve  the corros ion 
problem. However, copper is expensive. An inexpensive s o l u t i o n  may be 
provided by f ree-breathing d e s i c c a t o r s  o r  vapor c o - - x i o n  i n h i b i t o r s  
(VCIs). These items a r e  i n s t a l l e d  i n s i d e  c losed and otherwise  
inadequate ly  senled boxes t o  prevent d e t e r i o r a t i o n  o f  the con ten t s .  The 
VCIs a r e  a v a i l a b l e  i n  c a p s ~ l e  form and provide e f f e c t i v e  p r o t e c t i o n  f o r  
* 
a s  long a s  1  year.  Ins ide  the  c losed box, t h e  VCIs genera te  a s l i g h t  
vapor pressure  t h a t  tends  t o  minimize mois ture  condensation.  The vapors 
form a  th in  p r o t e c t i v e  f i lm tha t  does not i n t e r f e r e  with the  e l e c t r i c a l  
funct ion.  Both NASA and the U.S. Army ube VCIs. 
Printed c i r c u i t  boards i n  con t ra1  boxes should be con forma 1  l y  coated t o  
p r o t e c t  aga ins t  shor t  c i r c u i t i n g  between the t r a c e s  when condensation 
occurs.  Epoxy and ure thane conformal coa t ings  can serve  a s  p r o t e c t i v e  
m a t e r i a l s .  The conformal c o a t i n g  should ensure  coverage of the  board up 
t o  and onto the gold-plated connector t abs ,  e s p e c i a l l y  when the  c i r c u i t s  
c o n s i s t  of lead- t in  s o l d e r  p l a t e ,  t o  prevent d i s s i m i l a r  metal  co r ros ion  
a t  the g o l d l l e a d - t i n  i n t e r f a c e .  (See Figure 9.)  
V e r t i c a l  placement of p r in ted  c i r c u i t  boards p reven t s  mois ture  r e t e n t i o n  
and a l s o  minimizes the  accumulation of dus t  and o t h e r  d e b r i s  t h a t  become 
conductive i n  the presence of mois ture  and cause e a r l y  f a i l u r e  of the 
boards. V e r t i c a l  placement a l lows  f o r  b e t t e r  convect ive  cool ing of  the  
boards and reduces the  p o s s i b i l i t y  of i n t e r m i t t e n t  c o n t a c t  due t o  
v i b r a t i o n a l  shock. 
c .  Maintenance Procedures 
Yearly replacement of the  V C I  c a p s u l e s ,  d iscussed i n  Subsection A.4.b 
above, w i l l  provide the  necessaxy p ro tec t ion .  The c a p s i ~ l e s  should be 
replaced dur ing pe r iod ic  i n s p e c t i o n  of the equipment. 
B. Track 
-- 
1. R a i l s  and Rail  P l a t e s  
a.  Problem 
Humidity i r l  underground s t r u c r u r e s  causes  mois ture  i n t r u s i o n  between the  
r a i l  and ad jacen t  t i e  p l a t e s  o r  i n s u l a t i o n  t h a t  can r e s u l t  i n  c r e v i c e  
cor ros ion  of  the  bottom f lange.  The high 'mois tcre  l e v e l  d e t e r i o r a t e s  
f a s t e n e r s  and c o n t r i b u t e s  t o  an incomplete c u r e ,  and subsequent 
d e t e r i o r a t i c n  of amino-cured, epoxy p o t t i n g  m a t e r i a l s ,  S t ray  c u r r e n t  
co r ros ion  can cause damage wnen mois ture  o r  o t h e r  conduct ive  
contaminants bridge the  gap between r a i l  and i n v e r t .  
* Avai lable  from Eaton Corporation under the  brand name Cutler-Hammer 
Oxidation I n h i b i t o r .  
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b. Design Solution 
The bottom flange-tieplate/insulation interface should be sealed with 
MIL-S-81733 sealant to prevent water intrusion. Track fastener hardware 
should be cadmium-plated (0.5 mil minimum), and sand-filled epoxy* 
should be used as a potting material. The sand-filled epoxy wi!l 
increase the side-load carrying strength and prevent flexing and 
eventual failure of the joint. 
c. Maintenance Solution 
Repair of corroded rail fasteners, including cadmium-plated fasteners 
after the cadmium has been sacrificed, requires cleaning by an abrasive 
blast to near white, followed by coating with an inorganic zinc-rich 
product, such as ~lL-P-23236A(S~), Type I, Class 3 or NASA-KSC-C-0001. 
For short-term protection, a tannate treatment followed by an epoxy 
coating application may be sufficient. A tannate treatment consists of 
the application (usually by brush) of a tannic acid formulation to 
trztnsfcrm the iron oxide (rust) into a harmless iron tannate. ** 
The retention of moisture or other conductive contaminants beneath the 
rails must be prevented. This is achieved by the proper maintenance of 
drainage and ventilation systems by regular cleaning. 
2. Joints and Fasteners 
a. Problem 
Bolts are used routinely as rail fasteners. If crevice corrosion 
develops between mating surfaces, the volume of the corrosive product 
prodr2ed creates a wedging force. This corrosion combined with 
vibration causes loosening of the fastener. 
b. Design and Maintenance Solution 
To avoid crevice corrosion between mating surfaces and under bolt heads, 
design specifications should require the application of an elastomeric 
sealant such as MIL-S-81733, or the coating of both faying surfaces with 
a zinc-rich primer. Faying surfaces should not be masked. (Previous 
recommendations of the Steel Structures Painting Council stated that 
faying surfaces should be masked, not painted.) 
* A sand-f illed epQxy is available from the Sandstrom Products 
Company, Port Byron, IL. 
** A tannate formulation is availabe from A. W. Chesterton Co., 
Stoneham, MA. 
The necess i ty  f o r  accormnodating s l i g h t  movement between faying sur faces  
o r  d i f f e r e n t  thermal expansion r a t e s  makes t he  app l i ca t i on  of the  
elastomeric  s ea l an t  the preferred corrosion con t ro l  method even when 
both surfaces  have been pre-primed. An app l i ca t i on  of a l k a l i - r e s i s t a n t  
pa in t ,  such a s  an epoxy o r  urethane, t o  b o l t s  w i l l  prevent a l k a l i  damage 
and subsequent corrosion due t o  moisture re tent ion.  
IV POWER AND SIGNALS 
A. Stray Current Corrosion 
1. General Effect of Stray Current Corrosion 
a. Effect on Exist ing U t i l i t y  Systems 
(1) The Problem 
Rail  t r a n s i t  systems u t i l i z e  a  t h i rd  r a i l  o r  an overhead wire t o  provide 
current  t o  the cars .  A f ~ e r  passing through the t r ac t ion  motors, the 
current  then re turns  t o  the substat ion v i a  the running r a i l s .  Such a  
system generates s t r a y  cur ren t  because: 
o  The voltage drop through the running r a i l s  cannot be reduced t o  
zero. 
o  The rai l - to-ear th res i s tance  cannot be increased t o  i n f in i ty .  
Because the ear th  i s  a pa ra l l e l  conductor t o  the r a i l s ,  some current  
w i l l  flow in to  the ear th .  The leve l  of s t r a y  current  depends upon many 
fac tors .  Among these a re :  
o  Magnitude of the propulsion current  
o  Traction power substat ion spacing and grounding 
o Conductance of negative conductors 
o  Number and locat ion of t rack crossbonds 
o Track-to-earth resis tance.  
In <he pas t ,  most s t r a y  current  control  has been a  matter of attempting 
to  cont ro l  cur ren ts  o r  to reduce them to  to l e rab le  leve ls  once they were 
detected on underground s t ruc tures .  The concept of cont ro l l ing  the 
source of s t r ay  cur ren t  is r e l a t ive ly  new. Consequently, c r i t e r i a  have 
not been establ ished fo r  permissible leve ls  of s t r ay  current  from modern 
t r a n s i t  systems. There a r e ,  however, some modern i r a n s i t  systems 
operating a t  s t r a y  cur ren t  leve ls  of 0.5 amperes o r  l e s s  per 1000 f e e t  
of track. 
Many thousands of amperes a r e  required t o  operate heavy r a i l  systems. 
Smaller cur ren ts ,  perhaps in  the hundreds of amperes, a r e  used fo r  l i g h t  
r a i l  o r  t r o l l e y  c a r  l ines .  Larger cur ren ts  occur during times of peak 
operation. The s t r ay  current  s i t ua t ion  i s  therefore dynamic, and a  
carefu l  analysis  of ac tua l  cur ren t ,  conductor r e s i s t ance ,  and 
track-to-ground res i s tance  is necessary t o  determine the s t r a y  cur ren t  
pat terns .  
Figure 10 illustrates the relationship of the various circuit elements 
that are important to the development and control of stray currents on a 
transit system. RN and D are generally fixed by load and economic 
factors; consequently, stray current is most practicably controlled by i 
maximizing RL and Rs. i 
! 
% Voltage produced to negative conductors by $ - i 1 
FIGURE 10 BASIC RAPID TRANSIT STRAY CURRENT CONTROL CIRCUIT 
As can be seen from this figure, the magnitude of stray current, IS is 
. described approximately by the equation: 
The voltage (EN) is produced by IN which, for a system with good 
stray current control, is essentially IT (total load current) flowing 
through RN, the resistance of the negative return system between the 
load and the power substation. The value of RN in most systems 
consists essentially of the four running rails in parallel because of 
crossbonds between tracks. The resistance of the four running rails is 
approximately 0.0025 ohm/1000 ft. An eight-car train under maximum 
acceleration and loading will peak at 10,000 to 12,000 amperes (A), 
- 
depending on the location within the system; thus, EN could attain a 
value of 50 V for a load of 10,000 A (IT) at a distance of 2,000 ft 
between the load and the traction power substation. 
Stray current from an improperly designed or constructed transit line 
can result in destruction of various metallic components belonging to 
both the transit company itself and to utility and other owners of 
underground structures. Probably of greatest economic impact would be 
the effects on underground utilities; many of these structures may have 
been constructed in such a manner that the mitigation of stray current 
effects is not feasible without major modifications and considerable 
financial outlay. 
The e f f e c t s  of uncon t ro l l ed  s t r a y  c u r r e n t  on the  s a f e t y  of  v a r i o u s  
underground u t i l i t y  l i n e s  a l s o  must be considered.  S t r a y  c u r r e n t  can 
l ead  t o  severe  cor ros ion ;  a r e s u l t a n t  l eak  i n  a g a s  o r  o i l  l i n e  could 
cause  an explos ion o r  a f i r e .  A te lephone o r  power c a b l e  could f a i l ,  
d i s r u p t i n g  s e r v i c e  t o  a h o s p i t a l  o r  o t h e r  c r i t i c a l  f a c i l i t y .  
(2 )  Design So lu t ion  
Through proper engineer ing and des ign ,  s t r a y  c u r r e n t  l e v e l s  can be 
reJuced t o  t o l e r a b l e  values .  To c o n s t r u c t  a modern t r a n s i t  system 
without such a t t e n t i o n  t o  s t r a y  c u r r e n t  c o n t r o l  would leave t h e  o p e r a t o r  
open t o  a l l  manner of  damage c la ims.  It is apparen t ,  t h e r e f o r e ,  t 5 a t  
t h e  aim of an e f f e c t i v e  s t r a y  c u r r e n t  c o n t r o l  program is t o  reduce t h e  
magnitude of s t r a y  c u r r e n t s  t o  such low l e v e l s  t h a t  t h e i r  c o r r o s i v e  
e f f e c t  on bur ied  s t r u c t u r e s  i s  n e g l i g i b l e .  I n  t h e  des ign o f  new t r a n s i t  
systems,  t h i s  is  b e s t  accomplished through a c a r e f u l l y  organized program 
of co r ros ion  engineer ing.  
The t r a n s i t  engineer  needs t o  cons ide r  the  impact t h a t  s t r a y  c u r r e n t  
w i l l  have on neighbor ing underground s t r u c t u r e s .  What may be an 
e n t i r e l y  accep tab le  l e v e l  of s t r a y  c u r r e n t  on a remote t r o l l e y  l i n e ,  f o r  
example, may cause  c a t a s t r o p h i c  damage i n  a me t ropo l i t an  area .  Thus, 
each t r a n s i t  system and indeed s i n g l e  p o r t i o n s  of  i n d i v i d u a l  systems 
need t o  be  c a r e f u l l y  analyzed and c o r r o s i o n  c o n t r o l  c r i t e r i a  e s t a b l i s h e d .  
Corrosion engineer ing f o r  a t r a n s i t  system should inc lude  a number of  
cons ide ra t ions .  These a r e  b r i e f l y  desc r ibed  below. 
Corrosion Survey--A c o r r o s i o n  survey inc ludes  a genera l  
review of the  environmental  c o n d i t i o n s  a long the  rights-of-way. The 
purpose o f  such a survey is  t o  determine t h e  impact of  s t r a y  c u r r e n t  on 
l o c a l  u t i l i t i e s  and t o  a s c e r t a i n  the  e f f e c t s  of environmental  c o r r o s i o n  
on t h e  t r a n s i t  s t r u c t u r e s  themselves. The survey should a l s o  a s s e s s  
s o i l  cond i t ions .  This i s  d i scussed  i n  Sec t ion  B a t  t h e  end of  t h i s  
chap te r .  
A d e t a i l e d  study of t h e  t r a c t i o n  power p lans  should be made, inc lud ing  a 
computer a n a l y s i s  of  the  probable s t r a y  c u r r e n t  t o  be expected from such 
parameters a s  d i f f e r e n t  s u b s t a t i o n  l o c a t i o n s ,  rai l- to-ground r e s i s t a n c e s  
and t r a i n  opera t ing  cond i t ions .  From the  survey,  the  t r a n s i t  c o r r o s i o n  
eng ineer  can develop c r i t e r i a  f o r  t h e  c o n t r o l  of underground, s t r a y  
c u r r e n t ,  and atmospheric co r ros ion .  
A t  t h i s  time, i n i t i a l  l i a i s o n  with l o c a l  u t i l i t y  companies should 
begin. This i s  b e s t  done through the  l o c a l  c o r r o s i o n  coord ina t ing  
committee. Appendix C l i s ts  many of t h e  c o r r o s i o n  coord ina t ing  
committees throughout the  United S t a t e s .  
Care fu l  coord ina t ion  should be e f f e c t e d  wi th  l o c a l  u t i l i t y  companies 
wi th  regard  t o  t h e  p r o t e c t i o n  of r e loca ted  l i n e s .  Gas companies, f o r  
example, a r e  i n  most c a s e s  r equ i red  by f e d e r a l  l a w  t o  provide  c o r r o s i o n  
p r o t e c t i o n  t o  t h e i r  p i p e l i n e s .  
Prepara t ion  of  P lans  and Specif  icat ions--Standard 
drawings, d e s i g n  c r i t e r i a ,  and s p e c i f i c a t i o n s  f o r  c o r r o s i o n  c o n t r o l  need 
t o  be prepared.  These should be  made p a r t  o f  t h e  o v e r a l l  p l a n s  and 
s p e c i f i c a t i o n s  f o r  the  system. 
Review of Designers '  Documents--Most t r a n s i t  systems have 
many eng ineer ing  f i rms  working f o r  them. The c o r r o s i o n  eng ineer  needs 
t o  review t h e  work of t h e s e  d e s i g n e r s  t o  make s u r e  t h a t  c o r r o s i o n  
c o n t r o l  c r i t e r i a  a r e  being met. 
Const ruct ion Inspec t ion  and Tests--The c o r r o s i o n  eng ineer  
needs t o  i n s p e c t  c o n s t r u c t i o n  t o  s e e  t h a t  c o r r o s i o n  c o n t r o l  i tems a r e  
being proper ly  i n s t a l l e d  and t h a t  t h e  va r ious  c o r r o s i o n  c o n t r o l  c r i t e r i a  
a r e  being m e t .  Tes t s  a r e  made t o  determine track-to-ground r e s i s t a n c e  
and t o  check f o r  any s h o r t  c i r c u i t s  t h a t  nay have developed. U t i l i t y  
co r ros ion  eng ineers  should o b t a i n  base- l ine  d a t a  dur ing  t r a n s i t  
cons t ruc t ion .  These d a t a  can be compared wi th  d a t a  taken a f t e r  t r a n s i t  
o p e r a t i o n  begins  t o  determine i f  t h e r e  a r e  any e f f e c t s  from the  t r a n s i t  
system. 
S t ray  Current  Tests--Tests should be made t o  e s t a b l i s h  
the  l e v e l s  and e f f e c t s  of s t r a y  c u r r e n t  before  t h e  system is  energ ized ,  
dur ing  t e s t  t r a i n  opera t ion ,  and subsequent t o  revenue opera t ion .  This 
work r e q u i r e s  c l o s e  coord ina t ion  wi th  u t i l i t y  c o r r o s i o n  engineers .  Any 
s t r a y  c u r r e n t  m i t i g a t i o n  t h a t  may be necessary  should be engineered a t  
t h i s  time. 
Operation and Maintenance--Procedures f o r  maintenance of 
c o r r o s i o n  c o n t r o l  must be developed i n  the  des ign s o l u t i o n  and made p a r t  
of the  o v e r a l l  system maintenance manuals. Establishment of  t h e  types  
and frequency of t e s t s ,  manpower, and equipment is needed. 
( 3 )  Maintenance So lu t ion  
Many c o r r o s i o n  eng ineers  with s t r a y  c u r r e n t  exper ience  have worked wi th  
s t r a y s  from o l d  s u r f a c e  s t r e e t c a r s ,  i n t e r u r b a n s ,  subways, o r  mine 
r a i l r o a d s .  They have been confronted wi th  mechanically jo ined and 
supposedly bonded ra i l s ,  o f t e n  l a i d  on wooden ties and o f t e n  i n  i n t i m a t e  
con tac t  with t h e  e a r t h .  Track maintenance may have been poor. Trac t ion  
power s u b s t a t i o n s  were f requen t ly  spaced 3 t o  5 m i l e s  a p a r t .  
In most s t r a y  c u r r e n t  a r e a s ,  however, bur ied  u t i l i t y  networks have been 
designed t o  f a c i l i t a t e  dra inage of s t r a y s  back t o  the  t r a n s i t  system. 
Engineers r e spons ib le  f o r  underground s t r u c t u r e s  a r e  u s u a l l y  f a m i l i a r  
with s t r a y  c u r r e n t  c o n t r o l  practices--such th ings  a s  d ra inage  bonds and 
e l e c t r i c a l  c o n t i n u i t y  have become common p r a c t i c e .  
Many o l d e r  systems a r e  expanding, however, a s  the  need f o r  r a i l  r ap id  
t r a n s i t  inc reases .  This  o f t e n  means c o n s t r u c t i o n  o f  t r a n s i t  l i n e s  i n  
a r e a s  where t h e r e  has  been no s t r a y  c u r r e n t  o r  where s t r a y  c u r r e n t  
ceased  t o  exis t  y e a r s  ago  w i t h  t h e  abandonment o f  streetcar l i n e s .  When 
such  expans ion  occ i t r s ,  b o t h  t h e  u t i l i t y  and t h e  t r a n s i t  e n g i n e e r s  a r e  
faced  w i t h  problems s i m i l a r  t o  t h o s e  expe r i enced  i n  a r e a s  where new 
r a p i d  t r a n s i t  l i n e s  a r e  be ing  b u i l t  or planned.  
Where s t r a y  c u r r e n t  problems are s u s p e c t e d  o r  a r e  found t o  e x i s t ,  
d e z a i l e d  s u r v e y s  shou ld  b e  made. Through p r o p e r  c o r r e l a t i o n  of  d a t a ,  it 
is p o s s i b l e  t o  e s t a b l i s h  t h e  e x t e n t  o f  t h e  problem; o f t e n  a su rvey  may 
r e v e a l  t h a t  t h e  problem is n o t  n e a r l y  so s e v e r e  a s  f i r s t  su spec t ed .  
It is e s s e n t i a l  t h a t  t h e  t r a n s i t  c o r r o s i o n  e n g i n d e r  o f  an  o p e r a t i n g  
sys tem b e  a n  a c t i v e  member of  t h e  l o c a l  c o r r o s i o n  c a c r d i n a t i n g  committee 
(See Appendix C). E x i s t i n g  s t r a y  c u r r e n t  m i t i g a t i o n  bonds must be 
ma in t a ined ,  and o f t e n  t h i s  r e q u i r e s  c o o p e r a t i o n  w i t h  t h e  l o c a l  u t i l i t y  
companies. 
Of paramount impor tance  is a n  unde r s t and ing  of t h e  e f f e c t  o f  s t r a y  
c u r r e n t  m i t i g a t i o n  o r  d r a i n a g e  bonds. Many e n g i n e e r s  i n  e s t a b l i s h e d  
s t r a y  c u r r e n t  a r e a s  a r e  f a m i l i a r  w i t h  t h e s e  d r a i n s ;  a l l  t o o  o f t e n ,  
however, a  d r a i n  bond may be e s t a b l i s h e d  s imply  becauce  some s t r a y  
c u r r e n t  a c t i v i t y  has  been d e t e c t e d .  
On o l d e r  sys tems,  w i th  low t r ack - to -ea r th  r e s i s ; a n c e ,  t h e  e s t a b l i s h m e n t  
of a  d r a i n  bond probably  w i l l  no t  m a t e r i a l l y  a f f e c t  t~ris r e s i s t a n c e .  I f  
t h e  u t i l i t y  s t r u c t u r e  is e l e c t r i c a l l y  c o n t i n u o u s ,  a  d r a i n  bond may b e  an  
e f f e c t i v e  way of m i t i g a t i n g  s t r a y  c u r r e n t  c o r r o s i o n .  Many such bonds 
u s u a l l y  a r e  connected  t o  o l d e r  sys tems,  and p rocedures  f o r  t e s t i n g  and 
i n s t a l l i n g  d r a i n  bonds a r e  u s u a l l y  w e l l  e s t a b l i s h e d .  Bonds r e q u i r e  
r o u t i n e  t e s t i n g  t o  e n s u r e  p r o p e r  func  t i c n i n g  . 
On new sys tems,  where c o n t r o l  of  s t r a y  c u r r e n t  i s  v e s t e d  l a r g e l y  i n  t h e  
d e s i g n  of  t h e  t r a c t i o n  power and t r a c k  ne tworks ,  i n s t a l l a t i o n  o f  a  d r a i n  
bond may s e r i o u s l y  reduce  t h e  t r ack - to -ea r th  r e s i s t a n c e .  A domino 
e f f e c t  on o t h e r  u t i l i t y  l i n e s  may a l s o  occu r .  I n s t a l l a t i o n  of  a  d r a i n  
from one  l i n e  may c r e a t e  s t r a y  c u r r e n t  c o r r o s i o n  on a n o t h e r .  
When a problem is s u s p e c t e d ,  an  e n g i n e e r i n g  s t u d y  should  be  made t o  
e s t a b l i s h  t h a t  8 s i g n i f i c a n t  c o r r o s i v e  c o n d i t i o n  e x i s t s  and t h a t  i t  i s  
a t t r i b u t a b l e  t o  t h e  o p e r a t i o n  of t h e  r a p i d  t r a n s i t  system. I f  t h e  
problem cannot  be r e s o l v e d  by some c o r r e c t i o n  t o  t h e  t r a n s i t  sys tem,  
t h e n  a d r a i n  bond may be j u s t i f i e d .  
In  t h e  main tenance  of  newly c o n s t r u c t e d  t r a n s i t  sys tems,  c o r r o s i o n  
c o n t r o l  pa rame te r s  must be kept  i n  mind. R i g h t s  of wq7.y must b e  kep t  
c l e a n  and p r o p e r l y  d r a i n e d .  Track i c s c l a t i o n  and o t h e r  c o r r o s i o n  
c o n t r o l  d e v i c e s  must b e  p r o p e r l y  ma in t a ined  t o  minimize s t r a y  c u r r e n t .  
b. E f f e c t  on T r a n s i t  S t r u c t u r e s  
The Problem 
S t r a y  c u r r e n t  from t h e  t r a n s i t  system can l ead  t o  c o r r o s i o n  of such 
i tems a s  r e i n f o r c i n g  s t e e l  i n  concre te  s t r u c t u r e s ,  t r a n s i t  u t i l i t y  l i n e s  
( c h i l l e d  water ,  steam, e t c .  ) , hydrau l i c  e l e v a t o r  c y l i n d e r s ,  p ipes ,  
c a b l e s ,  tunne l  l i n e r s ,  and the  r a i l s  themselves. (See Figure  11.) The 
problems of s t r a y  c u r r e n t  c o r r o s i o n  on t r a n s i t  s t r u c t u r e s ,  i n  e f f e c t ,  
a r e  about t h e  same a s  those  desc r ibed  f o r  u t i l i t i e s .  (See Sec t ion  
A. 1.a. above. Underground c o r r o s i o n  of t r a n s i t  s t r u c t u r e s  i s  d i scussed  






SOURCE: CITY OF CHICAGO 
FIGURE 11 EXPOSURE ON UNDERGROUND STRUCTURE 
RESULTING FROM DC LEAKAGE CURRENTS 
( 2 )  Design S o l u t i o n  
Where f e a s i b l e ,  underground s t r u c t u r e s  should be made o f  nonmetal l ic  
m a t e r i a l s .  M e t a l l i c  p i p e l i n e s  and similar underground s t r u c t u r e s  a r e  
u s u a l l y  p ro tec ted  i n  a  convent ional  manner by c o a t i n g ,  ca thod ic  
p r o t e c t  ion,  i n s u l a t i n g ,  and bonding. The s t r u c t u r e s  should be 
e l e c t r i c a l l y  continuous.  D i e l e c t r i c  i n s u l a t o r s  a r e  f r equen t ly  used i n  
t r a n s i t  system m e t a l l i c  p ip ing  a s  a  means of  s t r a y  c u r r e n t  c o n t r o l .  
Tunnel l i n e r s  may be made of  s t e e l ,  c a s t  i r o n ,  o r  r e in fo rced  concrete .  
Tunnel segments may be bonded t o g e t h e r  t o  provide e l e c t r i c a l  c o n t i n u i t y  
and thus  guard a g a i n s t  p o s s i b l e  s t r a y  c u r r e n t  co r ros ion .  
Reinforc ing s t e e l ,  p a r t i c u l a r l y  t h a t  i n  concre te  t r a c k  i n \ e r t s ,  t u n n e l s .  
and r e t a i n i n g  wa l l s ,  is  made e l e c t r i c a l l y  cont inuous  a s  a  p recau t ion  ' 
a g a i n s t  s t r a y  c u r r e n t  co r ros ion .  Reinforced tunne l  l i n e r s  a r e  made 
e l e c t r i c a l l y  cont inuous  by tack-welding l o n g i t u d i n a l  b a r s  a t  j o i n t s ;  t h e  
l o n g i t u d i n a l  b a r s  a r e  tack-welded t o  t r a n s v e r s e  r i n g s ,  and 250 MCM 
copper c a b l e s  a r e  used t o  provide  e l e c t r i c a l  c o n t i n u i t y  a c r o s s  t h e  
j o i n t .  (See Figure 12.) P rov i s ions  should be made f o r  t e s t  w i r e s ;  
c a b l e s  t o  t h e  r e i n f o r c i n g  s t e e l  may be included a t  t r a c t i o n  power 
s u b s t a t i o n s ;  t h e s e  w i l l  make p o s s i b l e  s t r a y  c u r r e n t  dra inage should i t  
ever  be necessary.  
S o l d i e r  p i l e s  and foundat ion p i l e s  a r e  usua l ly  bonded toge the r  t o  
provide e l e c t r i c a l  c o n t i n u i t y .  
End k n  
Figure  12 BONDING OF REINFORCING STEEL 
For the construct ion of new systems, the design should include 
i n s t a l l a t i o n s  for  ver ifying and t e s t i n g  s t r a y  current  cont ro l ,  For 
example, t o  measure the magnitude and d i r ec t ion  of current  flow i n  
tunnel s t ruc tu re s ,  measured lengths of tunnel can be ca l ibra ted .  Some 
systems a r e  using ca l ibra ted  shunts (see Figure 13). E lec t r i ca l  
cont inui ty of reinforcing s t e e l  should be measured and the r e s u l t s  
compared with theo re t i ca l  resis tances.  
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FIGURE 13 BONDING OF REINFORCING STEEL-- 
JUNCTION BOX DETAIL 
Another t e s t i n g  technique t h a t  should be p a r t  of t h e  d e s i g n  is t o  
provide the  c a p a b i l i t y  t o  monitor those  c r i t i c a l  u t i l i t y  s t r u c t u r e s  t h a t  
a r e  i n s t a l l e d  under concre te  by i n s t a l l i n g  permanent copper/copper 
s u l f a t e  o r  o t h e r  r e fe rence  e l e c t r o d e s .  Such e l e c t r o d e s  w i l l  a l l o v  f o r  
observing t h e  e f f e c t s  of  s t r a y  c u r r e n t s  and ca thod ic  p r o t e c t i o n  systems 
where t e s t i n g  would otherwise  be n e a r l y  impossihle  due t o  ~:cysicaP 
circumstances.  
( 3 )  Maintenance So lu t ions  
On o l d e r  systems where s t r a y  c u r r e n t  c o n t r o l  has  no t  been p a r t  o f  
des ign ,  e f f o r t s  should be made t o  prevent i n c r e a s e s  i n  the s t r a y  c u r r e n t  
being generated.  C l e a n l i n e s s  of t h e  trackway should r e c e i v e  a t t e n t i o n .  
Debris ,  brake d u s t ,  and r a i l i w h e e l  shavings  should not be allowed t o  
bui ld  up on the  t r acks .  Any c o r r o s i o n  £&;lures should be i n v e s t i g a t e d  
promptly. I f  s t r a y  c u r r e n t  i s  apparent ,  measures should be taken t o  
c o n t r o l  i t .  
Severa l  maintenance procedures should be followed. T e s t s  shoula be 
conducted wi th  owners o f  f o r e i g n  s t r u c t u r e s  t o  ensure  t h a t  the  o p e r a t i o n  
of  t h e  t r a n s i t  system ( inc lud ing  t h e  a s s o c i a t e d  ca thod ic  p r o t e c t i o n  
systems) is not adverse ly  a f f e c t i n g  o t h e r  underground m e t a l l i c  
s t r u c t u r e s .  S t ruc tu re - to - so i l  p o t e n t i a l  and o t h e r  measurements should 
be observed t o  e v a l u a t e  t h e  s t r a y  c u r r e n t  c o n d i t i o n s  and t h e  
e f f e c t i v e n e s s  of  t h e  ca thod ic  p r o t e c t i o n  systems. Tes t  rods  t h a t  a r e  
removable f o r  p e r i o d i c  inspec t ion  can prot rude i n t o  surrounding s o i l  and 
water  from tunne l  l i n e r s .  Maintenance t e s t s  on t h e  rods  a r e  conducted 
by removing, c l ean ing  and examining the  phys ica l  c o n d i t i o n  of the  rod,  
measuring p i t  dep th ,  and r e p l a c i n g  t h e  rod. 
Bonded s t r u c t u r e  c o n t i n u i t y  t e s t s  should be made annual ly .  
2. Subs ta t ions  
a.  The Problem 
One source  of  s t r a y  c u r r e n t  i s  t h e  t r a c t i o n  power s u b s t a t i o n .  Subs ta t ron  
s2acing and grounding a f f e c t  the  amount of s t r a y  c u r r e n t  t o  be 
expected.  Returning s t r a y  c u r r e n t  w i l l  c o n c e n t r a t e  around grounded 
subs t a t  ions .  
b. Design So lu t ion  
The spacing of t r a c t i o n  power s u b s t a t i o n s  many mi les  a p a r t ,  a s  is 
t y p i c a l  of many o l d e r  t r a n s i t  systems,  i n c r e a s e s  the  v o l t a g e  drop i n  t h e  
running r a i l s  and tends  t o  i n c r e a s e  s t r a y  c u r r e n t .  In  new systems,  
spacing between s u b s t a t i o n s  should be more on the  o r d e r  of  about 1 m i l e  
o r  so. Optimal spacing should be determined by analyzing load 
c o n d i t i o n s ,  s t r a y  c u r r e n t ,  vo l t age  drops i n  p o s i t i v e  and nega t ive  
conductors ,  and economics. 
Reference t o  t h e  equa t ion  i n  Figure  10 shows t h a t  ano the r  f a c t o r  r e l a -  
t i v e  t o  t h e  reduc t ion  of RN is  t h e  reduc t ion  of t h e  d i s t a n c e  between 
t h e  load and t h e  t r a c t i o n  power s u b s t a t i o n .  From a p r a c t i c a l  s t andpo in t ,  
t h i s  r e q u i r e s  a r educ t ion  i n  the  spacing of the  s u b s t a t i o n s ,  o r  s t a t e d  
ano the r  way, by t h e  use  of a d d i t i o n a l  s u b s t a t i o n s  w i t h i n  t h e  system. It 
should be emphasized t h a t  t h i s  s i m p l i s t i c  c i r c u i t  does no t  t r u l y  repre-  
s e n t  a modern t r a n s i t  system t r a c t i o n  power c o n f i g u r a t i o n  where s e v e r a l  
s u b s t a t i o n s  w i l l  be feeding a common p o s i t i v e  bus. Never theless ,  t h e  
p r i n c i p l e  remains t h e  same. New systems a r e  designed t o  ensure  t h a t  the  
requ i red  loads can be provided a t  a l l  p o i n t s  wi th in  t h e  system under the  
c o n d i t i o n s  of a n t i c i p a t e d  demands with some s u b s t a t i o n s  a c t u a l l y  o u t  of 
s e r v i c e .  This c o n s ~ r v a t i v e  des ign concept u s u a l l y  provides  f o r  spacing 
of  s u b s t a t i o n s  a t  a n  average of about 1 mi le  d i s t a n c e  throughout t h e  
system. Closer spacing would r e q u i r e  a d d i t i o n a l  expend i tu res  and from a 
p r a c t i c a l  s t andpo in t  can seldom be j u s t i f i e d .  Thus, t h e  p r a c t i c a l  reduc- 
t i o n  of the  v o l t a g e  drop (EN) with in  thc  nega t ive  system i s  accom- 
p l i s h e d  by combination of t h e  conductance w i t h i n  t h e  f o u r  r a i l s  and t h e  
spacing of the  s u b s t a t i o n s .  
One of  t h e  major sources  of s t r a y  c u r r e n t  is grounding of t h e  s u b s t a t i o n  
negat ive .  This  reduces t h e  e f f e c t i v e  track-to-ground r e s i s t a n c e  by 
reducing RS i n  the  equat ion of Figure 10 and permits  concen t ra t ion  of  
r e t u r n i n g  s t r a y  c u r r e n t  i n  the  s u b s t a t i o n  a rea .  New t r a n s i t  systems and 
ex tens ions  of o l d e r  ones should be designed wi th  the  DC nega t ive  
ungrounded. This  has  been shown t o  be a s a f e  and p r a c t i c a b l e  method of  
reducing s t r a y  c u r r e n t s .  
A l l  nega t ive  t r a c t i o n  power c a b l e s  should be f u l l y  i n s u l a t e d  from ground. 
I n  t h e  des ign  o f  new s u b s t a t i o n s ,  p rov i s ions  should be made f o r  s t r a y  
c u r r e n t  d ra inage  s . . ~ u l d  i t  ever  become necessary.  A s  mentioned e a r l i e r ,  
however, the  i n s t a l l a t i o n  of a s t r a y  c u r r e n t  d ra inage  bond should be  
considered a l a s t  r e s o r t .  
A s  p a r t  of  t h e  c o r r o s i o n  survey ( s e e  Sec t ion  A.1.a. of t h i s  c h a p t e r . ) ,  a  
s tudy should be made t o  determine the  e f f e c t  of  t a k i n g  a s u b s t a t i o n  o u t  
of  se rv ice .  This w i l l  i n c r e a s e  t h e  vol tage  drop a long the  r a i l s  and i n  
t u r n  inc rease  s t r a y  c u r r e n t .  The o p e r a t i n g  c h a r a c t e r i s t i c s  of the  sys- 
tem need t o  be evaluated i n  t h i s  l i g h t .  
c .  Maintenance So lu t ion  
On t r a n s i t  systems with o p e r a t i n g  s t r a y  c u r r e n t  m i t i g a t i o n  bonds, t h e s e  
bonds must be maintained.  Loss of a bond could  cav3e a s e r i o u s  s a f e t y  
hazard f o r  the  u t i l i t y  l i n e  t o  which i t  i s  connected.  Subs ta t ions  should 
not be taken ou t  of s e r v i c e  (except i n  an emergency) without an a n a l y s i s  
of  t h e  probable s t r a y  c u r r e n t  e f f e c t s .  Track-to-earth v o l t a g e s  t h a t  w i l l  
develop when a s u b s t a t i o n  i s  taken ou t  of s e r v i c e  should be determined 
because they may reach dangerous l e v e l s .  
It i s  e s s e n t i a l  t h a t  ungrounded s u b s t a t i o n s  remain so ;  t h e  eng ineer  
should ensure  t h a t  no inadver tan t  c o n t a c t s  t o  ground occur.  ~e should 
a l s o  ensure  t h a t  no , ;nauthorized s t r a y  c u r r e n t  m i t i g a t i o n  bonds a r e  
i n s t a l l e d .  
3 6 
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OF POOR Q U ~  
3. Negative Return System 
a. The Problem 
The magnitude of s t r a y  c u r r e n t  is a f f e c t e d  l a r g e l y  by t h e  r e s i s t a n c e  o f  
the  nega t ive  system ( R ~ ) ,  the rail-to-ground r e s i s t a n c e  (RL) and, a s  
d iscussed above, t h e  substation-to-ground r e s i s t a n c e  (RS). The lower 
t h e  r e s i s t a n c e  of the  nega t ive  c i r c u i t ,  the  lower the  v o l t a g e  drop w i l l  
be along the  r a i l .  Se r ious  s a f e t y  and s t r a y  c u r r e n t  problems can a r i s e  
i Z  these  f a c t o r s  a r e  ignored. 
Moisture o r  fo re ign  m a t e r i a l s  forming a conduct ive  f i l m  on the  s u r f a c e s  
of i n s u l a t o r s  p resen t  a s i g n i f i c a n t  problem on mainta ining e f f e c t i v e  
track-to-earth r e s i s t a n c e .  Moisture on t h e  s u r f a c e  o r  absorbed i n t o  t h e  
t imber t i e  can change the  t imber from a f a i r  i n s u l a t o r  t o  a good 
conductor. 
Ra i l  conductance depends on r a i l  s i z e  and method of jo in ing.  The o l d  
bo l t ed ,  bonded, and o f t e n  poorly maintained t r a c k  j o i n t s  were no to r ious  
sources  of high r e s i s t a n c e  i n  trackage.  
b. Design So lu t ion  
High t rack- to-ear th  r e s i s t a n c e  is one of the  most important  a s p e c t s  of  
s t r a y  c u r r e n t  c o n t r o l .  This  must be combined wi th  ungrounded t r a c t i o n  
power subs ta t ions .  
Careful  a t t e n t i o n  t o  trackwork des ign and c o n s t r u c t i o n  can ensure  both 
t r a c k  i n s u l a t i o n  and high track-to-ground r e s i s t a n c e .  For tunne l  o r  
o t h e r  c o n s t r u c t i o n  where t h e  t r a c k  is  l a i d  on a concre te  i n v e r t ,  
i n s u l a t e d  d i r e c t  f i x a t i o n  f a s t e n e r s  are u s u a l l y  used,  a s  shown i n  Figure  
14. 
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These f a s t e n e r s  c o n s i s t  e s s e n t i a l l y  of a  pad of high d i e l e c t r i c  m a t e r i a l  
between t h e  r a i l  and the  i n v e r t .  (The pad m a t e r i a l  must be mntiozonate 
a s  d iscussed i n  Chapter VI, Sec t ion  A. 7 . )  The r a i l  i s  fas tened  t o  t h e  
pad t h a t  is  fas tened  t o  the  i n v e r t .  A good q u a l i t y ,  low-permeability 
concre te  i n v e r t  i s  a l s o  d e e i r a b l e ;  a  t-ack-to-ground r e s i s t a n c e  of  500 
ohms p e r  1000 f e e t  of s i n g l e  t r a c k  has  been shown t o  be a  reasonable  
value. 
Tie and b a l l a s t  c o n s t r u c t i o n  i s  sometimes d i f f i c u l t  t o  i n s u l a t e  
e f f e c t i v e l y .  Many systems use  r a i l  d i r e c t l y  spiked t o  t imber t i e s .  
Resistance of about 20,ohms per  100 f e e t  of  s i n g l e  t r a c k  might be 
expected. It is b e t t e r  t o  use concre te  t i e s  with e i t h e r  d i r e c t  f i x a t i o n  
f a s t e n e r s  o r  s i m i l a r l y  i n s u l a t e d  pad under t h e  r a i l s ,  a l though some use 
has been made of i n s u l a t e d  d i r e c t  f i x a t i o n  f a s t e n e r s  wi th  t imber t i e s .  
B a l l a s t  should be c l e a n  and we l l  dra ined and not  i n  contacc  with tile 
r a i l s .  
Specia l  trackwork c o n s i s t s  of timber t i e  and b a l l a s t  cons t ruc t ion .  Of 
s p e c i a l  importance is  the  i n s u l a t i o n  of switch throw rods  and swi tch 
hea te r s .  Care must be taken t o  avoid a c c i d e n t a l  e l e c t r i c a l  con tac t  t o  
ground. 
The des ign s o l u t i o n  must address  the  problem of c o n t r o l l i n g  mois ture  o r  
fo re ign  m a t e r i a l s  forming a  conductive f i l m  a c r o s s  the  s * ~ f a c e s  of the  
t r ack  i n s u l a t o r s  and thereby a f f e c t i n g  t rack- to-ear th  r e s i s t a n c e .  To 
maintain proper  l e v e l s  of t r a c k  i n s u l a t i o n  and maximize ra i l - to -ea r th  
r e s i s t a n c e ,  propel  water dra inage must be provided. These f a c t o r s  must 
be r e c o g ~ i z e d  and reasonable  l e v e l s  of v a r i a t i o n  i n  t rack- to-ear th  
r e s i s t a n c e  accepted.  
Trackwork i n  yards and shops r e q u i r e s  s p e c i a l  a t t e n t i o n .  Shops u s u a l l y  
r e q u i r e  grounded r a i l s  f o r  personnel sa fe ty .  Yards and shops should be 
insu la ted  from main l i n e s  with insu la ted  t r a c k  j o i n t s  t o  prevent 
grounding of the main l i n e  t r acks .  Insu la ted  t r a c k  j o i n t s  should be 
provided between t h e  yard and the  shop a l s o .  A s e p a r a t e  t r a c t i o n  power 
s u b s t a t i o n  should be provided f o r  the  yard and one f o r  the  shop. 
Aer ia i  cons t ruc t ion  usua l ly  w i l l  have high r e s i s t a n c e  t o  ground i f  
proper des ign i s  followed. E l e c t r i c a l  conti:.clity should be provided f o r  
the  i n v e r t  r e i n f o r c i n g  s t e e l ,  but t h e r e  should not  be e l c c t r i c a l  
c o n t i n u i t y  between the  i n v e r t  and the  a e r i a l  s t r u c t u r e  suppor ts .  
F loa t ing  s l a b  c o n s t r u c t i o n  a i d s  i n  i n c r e a s i n g  r a i l - t o - - e a r t h  r e s i s t a n c e .  
As in  o t h e r  c o n s t r u c t i o n ,  i t  i s  important  t h a t  no e l e c t r i c a l  c o n t a c t s  be 
p ~ r m i t  ted be tween the  r a i l s  and the  e a r t h .  
Light  r a i l  systems o f t e n  have t r a c k s  i n  streets. It becomes d i f f i c u l t  
t o  o b t a i n  h igh  t r ack - to -ea r th  r e s i s t a n c e .  Attempts have been made t o  
encase  t h e  t r a c k  s l a b  i n  a p l a s t i c  o r  neoprene membrane. P o s s i b l y  some 
type  of  d i e l e c t r i c  m a t e r i a l  could  be poured around t h e  r a i l s  
themselves. Here a g a i n ,  a l l  r ea sonab le  p r e c a u t i o n s  need t o  be t a k e n  t o  
o b t a i n  as h igh  a s  p o s s i b l e  a r e s i s t a n c e  between t r a c k  and ground. 
It is e s s e n t i a l  t h a t  t h e r e  be no  e l e c t r i c a l  c o n t a c t s  between the  ra i l s  
and e a r t h .  Negative c a b l e s  should  n o t  be i n t e r c o n n e c t e d  t o  ground i n  
t h e  t r a c t i o n  power s u b s t a t i o n .  Any supplementary n e g a t i v e  copper  wire 
p a r a l l e l i n g  t h e  r a i l s  must be i n s u l a t e d .  Switch throw rods ,  swi t ch  
h e a t e r s ,  and o t h e r  t r a c k s i d e  equipment must n o t  p rov ide  e l e c t r i c a l  
c o n t a c t  t o  ground. 
The lower t h e  r e s i s t a n c e  o f  t h e  n e g a t i v e  c i r c u i t  (RN), t h e  lower t h e  
v o l t a g e  drop  w i t h i n  the  r a i l .  The p o i n t  t o  which r e d u c t i o n  i n  RN i s  
p r a c t i c a l  becomes a m a t t s r  o f  economics. Reduction o f  t h e  r e s i s t a n c e  o f  
t h e  r a i l  n e g a t i v e  r e t u r n  system is  accomplished by t h e  u s e  o f  a11  welded 
rail .  Add i t iona l  r e d u c t i o n  i n  t h e  r e s i s t a n c e  o f  t h e  n e g a t i v e  r e t u r n  
c i r c u i t  would r e q u i r e  t h e  i n s t a l l a t i o n  of  a d d i t i o n a l  conductance ,  e i t h e r  
b u i l t  i n t o  t h e  r a i l  o r  by the  u s e  o f  i n s u l a t e d  c a b l e .  A few 
c a l c u l a t i o n s  can  show how c o s t l y  t h e  u s e  o f  a d d i t i o n a l  conductance can  
be compared t o  t h e  b e n e f i t s  when t h e  f a c t  t h a t  r educ ing  t h e  u n i t  v a l u e  
o f  KN t o  one-half might r e q u i r e  an e q u i v a l e n t  conductance  of  about  4 
m i l l i o n  c i r c u l a r  m i l s  o f  copper cab le .  Because o f  t h i s  c o s t ,  sys tem 
d e s i g n e r s  on r e c e n t  t r a n s i t  c o n s t r u c t i o n  w i t h i n  t h e  United S t a t e s  have 
tended t o  r e l y  on t h e  conductance provided  by t h e  r a i l s  f o r  t h e  n e g a t i v e  
r e t u r n  c i r c u i t .  Conductance is o r t e n  a ided  by t h e  u s e  of  t r a c k  c r o s s -  
bonds, u s u a l l y  i n s t a l l e d  i n  c o n j u n c t i o n  wi th  impedance bonds a t  perhaps  
1500-f t i n t e r v a l s .  
c .  Maintenance S o l u t i o n  
Procedures  should be e s t a b l i s h e d  t o  ma in ta in  proper  r a i l  conductance  and 
rai l - to-ground r e s i s t a n c e .  Where mechan ica l ly  jo ined  r a i l  is  used ,  
j o i n t  bonds must be mainta ined .  Th i s  is  p a r t i c u l a r l y  impor tant  i n  o l d e r  
t r a n s i t  systems wi th  grounded t r a c t i o n  power. Although i t  may be v e r y  
d i f f i c u l t  t o  ma in ta in  bonds on t r o l l e y  l i n e s  having t r a c k s  i n  t h e  
street, eve ry th ing  p o s s i b l e  should  be done t o  maximize t r a c k  conductance .  
Rights-of-way should  be kept  a s  c l e a n  a s  p o s s i b l e .  Buildup o f  d e b r i s  
and conduc t ive  m a t e r i a l  s11ch a s  r a i l  and wheel s h a v i n g s  SI. u ld  be  
avoided.  Trcck i n s u l a t o r s  must be mainta ined .  Procedures  should  be 
e s t a b l i s h e d  t o  e n s u r e  t h a t  track-to-ground r e s i s t a n c e  is kep t  a s  h igh  a s  
p o s s i b l e .  T h i s  is  most impor t an t  i n  newer systems z h a t  u se  ungrounded 
t r a c t i o n  power; on o l d e r ,  grounded sys tems,  ra i l - to-ground r e s i s t a n c e  is  
a l r e a d y  low, bu t  p r e c a u t i o n s  should be taken t o  avo id  lower ing  i t  
f u r t h e r .  Deicing s a l t s ,  f o r  example, should  no t  be used on t h e  t r a c k s .  
Operat ional  procedures need t o  be developed f o r  ya rds  and shops. Cara 
must not be parked a c r o s s  i n s u l a t e d  t r a c k  j o i n t s ,  Switch rods  must 
remain insu la ted .  Grounding wi th in  the  shop i t s e l f  must be maintained 
f o r  personnel s a f e t y .  
During c o n s t r u c t i o n  of new o r  expanded systems,  v i s u a l  and e l e c t r i c a l  
inspec t ions  should be made t o  ensure  t h a t  d i r e c t  f i x a t i o n  f a s t e n e r s  and 
r a i l  c l i p s  a r e  proper ly  i n s t a l l e d ,  Af te r  c o n s t r u c t i o n  is  completed, 
r ights-of-way, t u n n e l s ,  s t a t i o n s ,  e t c .  need to  he c leaned so  a s  t o  
e s t a h l i s l ~  proper rai l- to-ground r e s i s t a n c e .  
A r e g u l a r  t e s t  program should be es tab l i shed .  Rail- to-earth r e r i s t a n c e  
t e s t s  should be made annua l ly ,  a s  should bonded s t r u c t u r e  c o n t i n u i t y  and 
s t ruc tu re - to -ea r th  p o t e n t i a l  t e s t s .  These t e s t s  w i l l  r e v e a l  problem 
a r e a s  t h a t  may lead t o  increased s t r a y  c u r r e n t .  Procedures t o  s o l v e  t h e  
problems found must a l s o  be e s t s b l i s h s d .  
Track and tunne l  d ra inage  and c i e a n l i n e s s  a r e  important .  Buildup of  
d e b r i s  o r  ponds of  water i n  tunne l s  w i l l  cause  a dec rease  i n  
track-to-ground r e s i s t a n c e .  T i e  and b a l l a s t  s e c t i o n s  must a l s o  be kept 
c l e a n  and dra inage maintained,  B a l l a s t  must be kep t  from coming i n  
con tac t  with the  r a i l s .  Pe r iod ic  tamping may be required.  It is 
imperat ive  t o  ensure  t h a t  inadver ten t  c o n t a c t  t o  ground he prevented. 
A l l  o f  t h e s e  a s p e c t s  a r e  b e s t  accomplished by a good t r a c k  i n s p e c t i o n  
and t e s t i n g  program. 
4. P o s i t i v e  Conductor 
a. The Problem 
Because the  p o s i t  ive  eonduc tor--contac t r a i l  o r  ca tenary-- is  i ~ s u a l  l y  
we l l  i n s u l a t e d  from e a r t h ,  i t  t ends  t o  genera te  v i r t u a l l y  no s t r a y  
cur ren t .  
b. Design S c l u t i o n  
The common des ign p r a c t i c e  is t o  provide  f o r  high r e s i s t a n c e  t o  e a r t h  
through i n s u l a t e d  suppor ts .  To save energy,  i t  is a l s o  d e s i r a b l e  t o  
minimize t h e  vo l t eke  drop i n  t h e  t h i r d  ( c o n t a c t )  r a i l .  A r e c e n t  
development he re  is  the use  of a composite r a i l .  This  c o n s i s t s  of the  
s t e e l  con tac t  r a i l  with perhaps an aluminum e x t r u s i o n  f i t t e d  i n t o  t h e  
web of the  r a i l .  The high conduc t iv ; ty  of the  aluminum p l u s  t h e  
enlarged c r o s s  s e c t i o n  of the r a i l  i r  : reases  the  conductance. Care must 
be taken,  however, through proper des ign and use of s e a l a n t s  (such a s  
MI L-S-81733), t o  prevent ga lvan ic  c o r r o s i o n  between the  two meta ls .  The 
spacing of t r a c t i o n  power s u b s t a t i o n s  should not be inc reased ,  however, 
i f  the  composite r a i l  is used, 
c. Maintenance Solution 
Positive conductor insulators must be maintained. Where ccmporite third 
rails are used, elartomeric realrntr (MIL-S-81733) murt be maintained. 
Positive cables between the trackway and rubrtaCioar need an annual 
check to ensure that insulation ir effective. 
B. Soil Corrosion 
1. The Problem 
Buried transit structures such as piping, tanks, hydraulic 
cylinders and metallic tunnel liner8 may be subject to soil corrosion. 
Corrosion control needs to be considered to prevent failures. 
Additional information on this subject i a  prerented in Chqptet V. 
2. Design and Maintenance Solutions 
The corrosion survey discussed in Secton A.1.a. of this chapter 
should also include an evaluation of soil corrosion. For example, 
representative soil borings and water samples should be tested to 
determine the following properties: 
Soil Borings Water Samples 
pH (electtometric) pH (electrometric) 
Electrical resistivity Electrical resistivity 
(soil box method) (soi 1 box are tl~od 
Chlorides(mg/l NaCl Tests per AWWA Public 
Sulfatea(mgl1 SO4) Health Assn(mgI1) 






The sulfate content of soil and water should also be measured to ensure 
appropriate concrete selection. Sulfate resistance of Portland cement 
is as follows:" 
Water-Soluble 
SO4 Content SO/, in Soil Come n t 
of Water (mgll) (me/ i - Needed 
Below 150 Below 1000 Type I 
150-1000 1000-2000 S P ~  11 
Above 1000 Above 2000 T Y P ~  v 
*concrete Pipe Field Manual, p. 40 (1962). 
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The proper  cement must be s p e c i f i e d  f o r  concre te  s t r u c t u r e s .  Chlor ides  
should he excluded from any concre te  mix t o  'prevent c o r r o s i o n  o f  
r e i n f o r c i n g  s t e e l .  
. .< . . : ,  . . , 
General ly ,  where s o i l  r e s . i s t i v i t y  i s  below 5,000 .ohm cen t imete r s ,  c a s t  
i r o n  should have c a t h o d i c  p rb tec t ion .  S t e e l  t anks  and pip'ing a r e  . 
usua l ly  provided wi th  c o a t i n g  and cathodic '  p r o t e c t i o n  i n  n e a r l y  a l l  
s o i l s .  
E i t h e r  ga lvan ic  anodes (Figure  15)  o r  a n  impressed c u r r e n t  system 
(Figure  16) i s  used f o r  ca thod ic  p ro tec t ion .  The ga lvan ic '  anode' system 
t y p i c a l l y  c o n s i s t s  of prepackaged magnesium o r  z inc  anodes spaced a long 
and d i r e c t l y  connected t o  the  s t r u c t u r e .  'The' impressed c u r r e n t  system 
u s u a l l y  c c n s i s t s  o f  anodes ( g e n e r a l l y  of c a s t  i r o n ,  g r a p h i t e ,  o r  
plat inum) 'connected t o  the  s t r u c t u r e  through a  r e c t i f i e r .  The p o s i t i v e  
header c a b l e  is  connected wi th  the  nega t ive  s t r u c t u r e  w i r e s  t o  t h e .  
r e s p e c t i v e  t e rmina l s  of the  r e c t i f i e r  supplying t h e  p r o t e c t i v e  d i r e c t  
c u r r e n t .  Where ca thod ic  p r o t e c t i o n  systems a r e  used, they should  be  
designed and i n s t a l l e d  i n  accordance wi th  t h e  National  Associa t ion of 






SPECIAL BACKFILL OF BENTONITE, GYPSUM, 
SODIUM SULFATE MIXTURE 
FIGURE 15 CATHODIC PROTECTION BY GALVANIC ANODE METHOD 
4 2 '  . p  
ANODE CENTERED 
OF METALLURGICA 
COAL COKE BREEZ DC NEGATIVE 
CALCINED PETROL 
ANODES DC POSITIVE 
FIGURE 16 CATHODIC PROTECTION BY IMPRESSED CURRENT METHOD 
Tunnel liners of steel or cast iron generally require little exterior 
corrosion control other than perhaps a good-quality epoxy coating. 
Tunnel liner interiors may be painted with an inorganic zinc silicate 
primer [M1L-P-23236A(SH) Type I or 111, Class 3 or NASA-KSC-C-0001). 
This must be applied in strict accordance with the manufacturer's 
recommendations. A top coat is unnecessary unless preferred for 
aesthetic reasons. 
Nonmetallic jacketed cable is recommended for electric cables. Where 
lead sheath cable or associated metallic components are underground, 
however, cathodic protection may be necessary, especially in areas 
contaminated by deicing salts. Nonmetallic ducts should be used 
wherever possible. 
V PLATFORMS AND STATIONS 
Pla t form S t r u c t u r e s  
1. Resis tance  t o  Ground 
a. Problem 
I n  ungrounded t r a c t i o n  power systems, under c e r t a i n  f a u l t  cond i t ions ,  i t  
i s  p o s s i b l e  f o r  high vo l t ages  t o  appear between t r a c k  and ground. 
Because the  c a r  body is  e l e c t r i c a l l y  connected through t h e  t r u c k s  t o  t h e  
r a i l s ,  these  vo l t ages  can a l s o  appear between the  c a r  body and ground. 
Shock hazard t o  passengers and o t h e r  personnel and s t r a y  c u r r e n t  
co r ros ion  may e x i s t  i f  platform-to-ground r e s i s t a n c e  is inadequate.  
h. Design and Maintenance So lu t ion  
Pla t form s u r f a c e s  should be cons t ruc ted  of m a t e r i a l s  wi th  high 
r e s i s t a n c e  t o  ground. Clay t i l e s ,  l a t e x  por t l and  cement g r o u t ,  g r a n i t e ,  
and s i m i l a r  m a t e r i a l s  have been found t o  be s a t i s f a c t o r y .  A bed of 
l a t e x  por t l and  cement under the  p la t form s u r f a c e  w i l l  a l s o  i n c r e a s e  
platform-to-ground r e s i s t a n c e .  V i t r i f i e d  c l a y  o r  quarry  t i l e s  a r e  
wear - res i s t an t  and can be placed up t o  about 1 f t  from the  edge o f  t h e  
p l a t  form. 
Handrai ls  and o t h e r  m e t a l l i c  s t r u c t u r e s  t h a t  a r e  w i t h i n  reaching 
d i s t a n c e  of a c a r  body should be i n s u l a t e d  from ground. I n  a d d i t i o n ,  
i c s u l a t i v e  coa t ings  might be used. Any grounded m e t a l l i c  s t r u c t u r e s  
must be f a r  enough from the  edge of the  p la t form t h a t  no one can touch 
both the  c a r  body and t h e  s t r u c t u r e  a t  t h e  same time. 
No c r i t e r i a  f o r  platform-to-ground r e s i s t a n c e  have y e t  been e s t a b l i s h e d ,  
but r e s i s t a n c e s  from a few hundred t o  s e v e r a l  hundred thousand ohms have 
been repor ted .  It is important  t o  no te  t h a t  r a i n  and d e i c i n g  s a l t s  can 
m a t e r i a l l y  reduce platform-to-ground r e s i s t a n c e .  T e s t s  have shown t h a t  
the  r e s i s t a n c e  t o  ground of a w e t  p la t form can be 60% t o  99% l e s s  t h a ~ .  
t h a t  of a dry  platform. 
2. Concrete Deck Supports  
a. Problem 
Concrete suppor t  s t r u c t u r e s  a r e  susceptib1.- t o  c h l o r i d e  p e n e t r a t i o n  and 
subsequent d e t e r i o r a t i o n .  Chloride a t t a c k s  t h e  s t e e l  r e i n f o r c i n g  rods  
and thereby causes  corros ion.  Because t h e  c o r r o s i o n  product occupies  
g r e a t e r  volume than the  metal  from which i t  is  f o m e d ,  the  c o n c r e t e  
begins  t o  crack and even tua l ly  t o  spa11 ( c h i p ) ,  and t h e  r e b a r  i s  exposed 
t o  d i r e c t  atmospheric a t t a c k .  
b. Design So lu t ion  
The component i n  cement t h a t  is  a t t acked  by t h e  c h l o r i d e  is t r i c a l c i u m  
aluminate.  Hence, the  amount of  calcium aluminate  i n  the  por t l and  
cement concre te  should be lower than normal t o  i n h i b i t  c h l o r i d e  a t t a c k .  
The use  of  Type 11 ASlM C-150 cement w i l l  keep t h e  a luminate  below 8%. 
Corrosion of r e i n f o r c i n g  b a r s  can be minimized by s p e c i f y i n g  t h a t  they 
be galvanized o r  epoxy coated (MIL-P-23377, Type IA). 
c  . Maintenance Procedure 
Aged concre te  should be cleaned with a n  a p p r o p r i a t e  concre te  c l e a n e r .  
* The sodium s i l i c a t e  s o l u t i o n  should then be app l i ed  by brushing. The 
formulat ion f o r  aged concre te  ( i . e . ,  more than 4 months) i s  f o u r  p a r t s  
water  and one p a r t  sodium s i l i c a t e .  
3. S t r u c t u r a l  Members 
a. Problem 
I n  the  p a s t ,  s t e e l  s t r u c t u r e s  were assembled wi thout  t h e  fay ing  s u r f a c e s  
o f  s t r u c t u r a l  members being sea led ;  consequent ly ,  water  in t ruded  and 
caused a s i g n i f i c a n t  c r e v i c e  c o r r o s i o n  problem ( s e e  Figure  17). 
Weathering s t e e l s  may be a t  t r a c t i v e  because they r e q u i r e  no maintenance ; 
however, they a r e  s u s c e p t i b l e  t o  c o n t i n u a l  r u s t i n g ,  p a r t i c u l a r l y  when 
sub jec ted  t o  d u s t ,  d e i c i n g  s a l t s ,  mud, h e r b i c i d e s ,  and t r a sh .  The water  
i n t r u s i o n  a l s o  causes  s t r e t c h e d  r i v e t s ,  broken welds and high-strength 
b o l t s ,  and d i s t o r t e d  metal  s t r u c t u r e s .  
More s o  t h a ~  pure meta l s ,  metal  a l l o y s  have varying degrees  of 
s u s c e p t i b i i i t y  t o  co r ros ion .  I n  f a c t ,  t h e  s t r o n g e s t  meta l  a l l o y s  can be  
those  most s u s c e p t i b l e  t o  co r ros ion ,  p a r t i c u l a r l y  oxygen concen t ra t ion  
c e l l  corros ion.  Oxygen concen t ra t ion  c e l l  c o r r o s i o n  may occur  a t  
unsealed faying s u r f a c e s ,  i n t e r m i t  t a n t  welds, and t h e  l o c a t i o n  of j o i n t s  
o r  f a s t e n e r s  where one metal s t r u c t u r e  is  i n  c o n t a c t  wi th  another .  Such 
cor ros ion  may a l s o  occur  unc:er r i v e t  and b o l t  heads even though t h e  
f a s t e n e r s  have been t r e a t e d ,  u n l e s s  the  t rea tment  i s  a z inc-r ich  
coa t ing ,  cadmium ~ l a t i n g ,  o r  galvaniz ing.  
*~nown manufacturers  inc lude  PQ c o r p o r a t i o n ,  P.O. Box 840, Valley 
Forge, PA 19482. 
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Diss imi la r  metal  c o r r o s i o n  can r e s u l t  from the  use  of  a general-purpose 
weld rod t h a t  con ta ins  s i l i c o n ,  copper,  and o t h e r  ca thod ic  a l l o y i n g  
m a t e r i a l s ,  o r  from the use  of g r a p h i t e  l u b r i c a n t s .  
b. Design So lu t ion  
To prevent d i s s i m i l a r  metal  co r ros ion ,  aluminum and s t e e l  should not  be 
i n  con tac t  with each o t h e r .  They should be separa ted  by an e las tomer ic  
s e a l a n t  such a s  MIL-S-81733. When the  d i s s i m i l a r  meta ls  a r e  s t e e l  and 
s t a i n l e s s  s t e e l ,  a l l  faying s u r f a c e s  of  both meta ls  should rece ive  a  
z inc-r ich  coa t ing  such a s  MIL-P-23236A (SH),  Type I, Class  3 o r  
NASA-KSC-C-0001. 
To prevent co r ros ion  when j o i n t s  and f a s t e n e r s  have d i s s i m i l a r  me ta l s ,  
e i t h e r  a  pa in t  o r  a  M~ l a r R  b a r r i e r  t ape  should be app l i ed  t o  t h e  
su r face  ( t h e  cathode).  (See Figure 18.) The tape  i s  app l i ed  be fo re  
f a s t e n e r  a t tachment ;  i t  should not  be a  polyvinyl  c h l o r i d e  product. 
MYLAR TAPE 
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When spot welding is used, the "Weld-bond" process can prevent crevice 
corrosion. Weld bonding includes the cleaning of both faying surfaces, 
the application of a sealant (such as MIL-S-81733) to the faying 
surfaces, and immediate spot welding while the sealant is still in a 
liquefied state. 
To avoid corrosion due to water intrusion, all rivets and threaded 
fasteners should be dipped in a sealant (e.g., MIL S-81733) before they 
are inserted. They should be installed immediately before 
polymerization occurs. 
c. Maintenance Solution 
Metal should be cleaned on a regular basis to prevent the buildup of 
potentially corrosive residue on its surface. An application of 
alkali-resistant paint, such as epoxy or urethane, to bolts and other 
fasteners will prevent alkali damage and subsequent corrosion due to 
moisture retention. The use of epoxy or urethane paints prevents 
filiform corrosion of steel or aluminum fixtures and also resists 





A primary concern of station personnel is poultice corrosion that 
results when dirt and debris, including car wheel debris, collect in 
corners and crevices of metal stairs. (See Figure 19.) Wheel debris 
such as rust and abrasives in contact with metal components may cause 
dissimilar metal corrosion as well. Stainless steel components are also 
susceptible if abrasive wear or graffiti has caused a breakdown of the 
passive film. 
b. Design and Maintenance Solution 
To prevent the corrosion of station components, a coating of an 
alkali-resistant catalyzed paint should be applied. Alkali-resistant 
catalyzed urethane paints, although more expensive, are longer lasting 
than silicone alkyd paints; they also retain their gloss and shed dirt. 
Urethane enamels (MIL-C-83286) applied over an epoxy primer 
(NASA-KSC-C-0001; MIL-P-23377) make building components more resistant 
to abrasive wear and to graffiti. 
The use of a monofilament-wound grating material (Tetracore) for steps 
would eliminate many o f  the current problems. This material is strong 
and does not abosorb moisture. A resin contains the filament-wound core. 
Debris will not accumulate on the grating, and it is extremely wear- 
resistant. The structural design is shown in Figure 20. 
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2. L i g h t i n g ,  and Heating Equipment 
a .  Problem 
S t a t i o n  h e a t e r s  and l i g h t i n g  f i x t u r e s  may be p a r t i c u l a r l y  s u s c e p t i b l e  t o  
co r ros ion .  Moisture on aluminum r e f l e c t o r s  may lead t c  p i t t i n g  corro-  
s ion.  I f  the  r e f l e c t o r s  heve been painted,  mois ture  may accumulate 
beneath the  p a i n t ,  causing f i l i f o r m  corros ion.  (See Figure 21. ) 
b. Design and Maintenance S o l u t i o n  
Pa in t ing  of aluminum i s  recommended t o  prevent p i t t i n g  cor ros ion .  
A l k a l i - r e s i s t a n t  ca ta lyzed  ure thane p a i n t s ,  al though more expensive,  a r e  
longer - l a s t ing  than s i l i c o n e  alkyd p a i n t s ;  they a l s o  r e t a i n  t h e i r  g l o s s  
and shed d i r t .  Urethane enameis ( ~ 1 ~ - ~ - 8 3 2 8 6 )  app l i ed  over  an epoxy 
primer (MIL-P-23377) make bu i ld ing  components more r e s i s t a n t  t o  a b r a s i v e  
wear and t o  g r a f f i t i  markings. Good adhesion must be ensured.  
C. Electromechanical  Systems 
1. E s c a l a t o r s  
a .  Problem 
Because outdoor e s c a l a t o r s  and r e l a t e d  e l e c t r i c a l  equippent a r e  exposed 
t o  r a i n ,  snow, s a l t ,  and o t h e r  elements of the outdoor environment, a s  
we l l  a s  d e b r i s ,  they a r e  s u s c e p t i b l e  t o  corros ion.  S t a i r  t r e a d s  r e t a i n  
s a l t  and d i r t .  E f f o r t s  such a s  applying g rease  i n  l a r g e  q u a n t i t i e s  t o  
improve mechanical opera t ion  a r e  not always s u c e s s f u l .  
b. Design So lu t ion  
Using a s o l i d  f i l m  l u b r i c a t i o n  (MIL-L-46010) on t h e  cha ins  and g e a r s  of 
e s c a l a t o r s  w i l l  ensure  more r e l i a b l e  e s c a l a t o r  opera t ion .  Adequate 
dra inage and v e n t i l a t i o n  should a l s o  be provided i n  t h e  e s c a l a t o r  
chamber t o  keep i t  dry and t o  minimize humidity. 
Maintenance So lu t ions  
Debris  should be removed rou t ine ly .  The e n t i r e  a r e a  should be sprayed 
with water ( i f  the  e l e c t r i c a l  c o n t r o l s  a r e  waterproof)  t o  remove any 
s a l t  res idue.  
Hydraulic Elevators  
a .  The Problem 
Corrosion of hydrau l i c  e l e v a t o r  c y l i n d e r s  can lead t o  cy t i n d e r  f a i l u r e .  
It is  p o s s i b l e  t h a t  a c a t a s t r o p h i c  f a i l u r e  could occur  on o l d e r  
c y l i n d e r s  t h a t  have only a s i n g l e  bulkhead bottom. Cyl inder  f a i l u r e  
m a n s  replacement and a t t endan t  shutdown of the  e l e v a t o r .  
FIGUHE 2 1  FILIFORM CORROSION ON AN ALUMINUM HEATER 
I ,  
Hydraulic e l e v a t o r  c y l i n d e r s  should g e n e r a l l y  be provided wi th  ca thod ic  
p r o t e c t  ion. In  new c o n s t r u c t  ion,  sea led  f i b e r  g l a s s  cas ings  ( s l e e v e s )  
h ~ v e  been found t o  be p r a c t i c a b i e .  Magnesium r ibbon anodes a r e  used 
i n s i d e  the  cas ing  t o  p r o t e c t  the  c y l i n d e r  should any mois tu re  g e t  i n t o  
t h e  casing.  Where s t e e l  cas ings  a r e  used, o r  where no c a s i n g  is used, 
impressed c u r r e n t  ca thod ic  p r o t e c t i o n  is u s u a l l y  required.  
Double-wall c y l i n d e r s  may a l s o  be used. Although t h e s e  may no t  be cor-  
r ~ s i o n - f r e e ,  they can be expected t o  have a longer  l i f e  than s ingle-wal l  
cy l inders .  Cathodic p r o t e c t i o n  may be  used wi th  double-wall c y l i n d e r s ,  
but  g e n e r a l l y  it i s  not  i n s t a l l e d .  
c.  Maintenance So lu t ion  
E leva to r s  without ca thod ic  p r o t e c t i o n  should be inspec ted  i n  accordance 
with r e g u l a r  e l e v a t o r  procedures. I f  t h e r e  is  any i n d i c a t i o n  t h a t  t h e  
cylicider is l eak ing ,  it should be replaced wi th  a new one t h a t  i s  prop- 
e r l y  p ro tec ted  a g a i n s t  corros ion.  
Where ca thod ic  p r o t e c t i o n  is used, r e g u l a r  i n s p e c t i o n s  of  t h e  p r o t e c t i o n  
system a r e  required.  R e c t i f i e r s  (ca thodic  p r o t e c t i o n  power sources )  
need t o  be checked once a month, and a c o r r o s i o n  eng ineer  should i n s p e c t  
the  p r o t e c t i o n  system once a yea r  t o  ensure  t h a t  i t  is  working proper ly .  
D. Fuel Tanks 
1. Problem 
Th? e x t e r i o r  s u r f a c e  o f  the  s to rage  tank may corrode i f  exposed t o  t h e  
harsh elements of the  outdoor environment. Bur ia l  a l s o  r e s u l t s  i n  poten- 
t i a l  damage t o  the  tanks.  I n t e r i o r  c o r r o s i o n  may occur due t o  condensa- 
t i o n .  P e r f o r a t i o n  of f u e l  tanks  can lead t o  f u e l  leakage and subsequent 
f i r e  hazards. 
2. Design and Maintenance So lu t ion  
I f  the  f u e l  i~ s to red  above ground, a p p l i c a t i o n  of a z inc-r ich  c o a t i n g  
h e l p s  t o  prevent e x t e r n a l  damage t o  the tan!<. I f  a e s t h e t i c  c o n s i d e r a t i o n  
d i c t a t e s  the  need f o r  a top c o a t ,  then  a ure thane p a i n t  should be used;  
o therwise ,  a  top  coa t  is not  required.  
Cathodic p r o t e c t i o n  of underground f u e l  tanks  should be cons ide red ,  
because c o a t i n g  alone provides i n s u f f i c i e n t  p ro tec t ion .  Current  f i r e  
p r o t e c t i o n  codes (e.g, National  F i .  .. P r o t e c t  ion A s s o c i a t r ~ n  NFPA-30 and 
the  Uniform F i r e  Code) r e q u i r e  c 2:. .. :on c o n t r o l  f o r  bur ied  tanks.  When 
ca thod ic  p r o t e c t i o n  is requ i red ,  e ic i ter  ga lvan ic  anodes o r  impressed 
c u r r e n t  may be used. (See Sec t ion  B-2 of  Chapter IV.) 
Fiber  g l a s s  tanks may a l s o  be used f o r  bur ied  s e r v i c e .  These t anks  a r e  
i n e r t  and r e q u i r e  no cor ros ion  p ro tec t ion .  Careful  i n s  t a l l a t i o n  i s  
necessary ,  however, t o  prevent s t r u c t u r a l  damage t o  t h e  tank. 
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VI CARS 
Each rapid transit car can be divided into three distinct parts: the 
body exterior, the body interior, and the truck. Various components of 
these parts have different corrosion problems. 
A. Body Exterior 
Car body exteriors are constructed of steel, stainless steel and aluminum 
alloys. Each metal has advantages and disadvantages as discussed below. 
Advantages and disadvantages of car body materials are also discussed in 
a report for UMTA.* 
1.. Body Skin 
Because stainless steel and aluminum alloy are almost exclusively the 
materials used for car bodies, especially skins, their advantages and 
disadvantages should be carefully weighed during the initial stages of 
transit car design. The tabulation below lists the advantages and 
disadvantages of the two materials, as well as those of steel. 
Stainless Steel Aluminum Steel 
Advantages Advantages Advantages 
Corrosion resistance Light weight Low cost 
Ease of cleaning Low cost Structural strength 
Structural strength Easy forming Ease of repair 










Tendency toward Tendency toward 
pitting, exfolia- oxygen concentration 
tion, and stress cell corrosion 
corrosion Heavy weight 
cracking 
Need for frequent 
cleaning 
Poor compatibility 
with many cleaning 
compounds 
*"Morris, R. E., et al, "An Investigation of Rail Rapid Transit 
Carbody Materials," Report No. 1T-06-0175-79-1, The Decision Group, 
Inc., McLean, VA (March 1980). 
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a. Problem 
If both stainless steel and aluminum dre used for skin construction 
(e.g., an aluminum roof or trim and stainless-steel side panels) for car 
bodies or if a stainless-steel or aluminum skin is attached to a steel 
frame, dissimilar metal corrosion may result. [see Figure 22 (a) and 
(b).] An aluminum roof or trim will also contribute to the rusting of 
stainless-steel sides if alkali cleaning fluid reacts with the aluminum. 
b. Design Solution 
To prevent dissimilar metal corrosion in car bodies, the design should 
specify that only one metal be used or that dissimilar metals in the 
body skins should not be in dirnct contact. Dissimilar metals must be 
separated by an elsstomeric sealant such as MIL-S-81733. To prevent the 
electrolytic path when dissimilar metals are used rn the strffener and 
fastener, either one dissimilar metal should be replaced or ~ ~ l a r ~  
barrier tape should be attached to the stiffener surface (the cathode) 
as illustrated in Figure 18 (Chapter V, Section A.3). The tape should 
be applied to the fastener before attachment is made. Polyvinyl 
chloride (PVC) should not be used. When the dissimilar metals are steel 
and stainless steel, all interior surfaces of both metals should receive 
a zinc-rich coating [MIL P-23236A(SH), Type 1, Class B or 
NASA-KSC-C-0001 ] . 
c. Maintenance Solution 
Aluminum is attacked by strorig1.y alkaline cleaners, necessitating the 
selection of a special nonetching cleaner. A cleaner containing sodium 
metasilicate is recommended. The dark etct.ing corrosron product that 
forms on unpainted aluminum surfaces may be removed with an acidic 
enzymatic cleaner, such as International Enzyme Ccrporstion' s 
super-c lean&. 
Because painted steel bodies may also be etched by the residues of 
alkaline cleaners, all painted surfaces should be washed with a nonionrc 
wetting agent or an acidic enzymatic cleaner. (Residues of ionic 




When nonmonocoque exterior skins are strengthened with angular or 
channel stiffeners, moisture may be retained in the stiffener elbow or 
at the skin/stiffener interface. This causes crevice corrosion. 
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DOOR PLATE 
FIGUKE 22 1)XSSIMILAK METAL CORKKOSION OF THE CAR EODY 
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b. Design Solution 
To prevent the retention of moisture by angle stiffeners, the design 
should call for stiffeners containing drain slots to allow condensation 
to flow to a central discharge point. The stiffener "leg" must be 
oriented toward the direction of flow, as illustrated in Figure 23. 
This orientation also resists poultice corrosion by directing dirt as 
well as water toward the drain slot. 
To prevent corrosion between the stiffener and the skin, particularly 
with aluminum, a primer such as an epoxy polyamid (MIL-P-23377 or 
NASA-KSC-C-0001) should be applied to both faying surfaces. The most 
effective primer for aluminum, stainless steel, and mild steel would be 
a zinc-rich coating. 
YES 
DRAIN HOLE 
a. ANGLE STIFFENER 
YES 
DEBRIS 
FIGUKE 23 STIFFENER ORIENTATION 
DRAIN HOLE 
b. CHANNEL STIFFENER 
When a channel stiffener is used to support both the interior and exter- 
ior skins, the drain slot should be located at the lowest point to ensure 
total removal of water, as shown in Figure 23 above. (This practkce is 
followed by aircraft and automobile manufacturers.) 
c. Maintenance Solution 
The prevention of moisture retention by angle stiffeners can be accom- 
plished by leveling the skin-stiffener joint with a caulking compound to 
encourage water runoff. Repair of a corroded interface between the skin 
and a channel stiffener requires removal of the skin and reorientation of 
the stiffener as discussed in the design solution above. Alternatively, 
positive ventilation [an air scoop, vent, or drilled hole(s)] from the 
car interlor will malntaln a drier condition to slow the corrosion pro- 
cess, (Air from the car interior will not contain sufficient moisture 
for condensation.) 
3. Skin Construction 
a. Problem 
The tongue-and-groove construction of extruded aluminum skins can retain 
moisture and dirt if the tongue and groove are incorrectly oriented. This 
condition can lead to exfoliation corrosion. 
Design Solution 
Aluminum skins with tongue-and-groove construction can be repaired easily 
by the simple replacement of panels. However, if the groove is correctly 
located above the tongue, the accumulation of moisture-retaining dirt can 
be prevented and panel replacement avoided (see Figure 24). The applica- 
tion of a sealant, such as MIL-S-81733, during assembly is essential. 
FIGURE 24 TONGUE-AND-GROOVE CONSTRUCTION OF ALUMINUM SKIN 
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c. Maintenance Solution 
Washing and paint stripping of the cars may cause deterioration or 
dislodging of the sealant. Thus, the edge groove of the joint should be 
resealed with an elastomeric sealant (MIL-S-C17331, as illustrated. 
ELASTOMERIC 
SEALANT 
M IL -S-81733 
\ 
FIGURE 25 TONGUE-AND-GROOVE EDGE SEkLiNG 
4. Gutters and Corrugations 
a. Problem 
When gutters are attached to the car body, moisture may collect at the 
juncture and seep between the paint and the metal. Moisture beneath the 
paint leads to tuberculation corrosion [~igure 26 (a) 1.  As with 
stiffeners, gutters and corrugations can retain dirt and debris that 
absorb moisture and invlte poultice corrosion. Internal corners are 
p i  :icularly susceptible. The corrugation of Figure 26(b) illustrates 
this problem. 
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FIGURE 26 CORROSION OF CUTTERS AND CORRUGATION 
b. Design and Maintenance Solution 
When gutter (or sill) is attached to the car body, it must be sealed to 
the body skin with an elastomeric sealant (MIL-S-81733) to prevent the 
forming of tuberculation corrosion beneath the paint. If the structural 
material is steel, the body skin and the sill or gutter should be 
protected. That is, a zinc-rich coating ehould be applied to both 
members, The applications should be made prior to the attachment, and 
the attmhment should include MIL-S-81733 sealant applied to faying 
surfaces. (Details are provided in Appendix D.) To avoid poultice 
corrosion of gutters and corrugations, the design should feature liberal 
radii as shown in Figure 27. 
CORRUGATION 
FIGURE 2 7 CORRUGATION DES IGN 
5. Car Body Insulation 
a. Problem 
Many older car bodieo have an insulating material of urethane foam or 
plymetal between the exterior and interior skins. These materials 
absorb and retain water, thereby causing the skins to corrode. [See 
Figure 28 (a) and (b)]. 
- 
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a. Exterior Door Panel Corrosion 
b. Interior Door Panel Corrosion 
FIGURE 28 CORROSION OF CAR BODY SKINS DUE TO THE 
WTENTION OF WATER BY INSULATING WTERIAL; 
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b. Dea i ~ n  and Maintenance Solution 
All metal surfaces oE a car body should be coated w i t h  an epoxy primer 
(MIL-P-23377 or KSC-C-0001) prior t o  the application of the 
foamed-in-place insulation t o  ensure adheaion of t h e  foam to t h e  metal 
eurf acee. Water retent ion should be alleviated by drainage ~1i.f.. a t  the 
bot toma of doors and body scctione. 
Repairs to damaged skins can be made with a f luah  patch inserted into 
the akln after the corroded section haa been cut out. When securing a 
f lush patch t o  e damaged area, a sealant (MIL-S-81733) should be applied 
to  both faying surfaces t o  e. clude water and prevent a recurrence of the 
damage, All bolts, rive tan and threaded fasteners should be wet-net , 
That is, the fasteners should be dipped in aealant before insercicn and 
imediately aet in place before polymerization occuxa. To prevent 
subsequent paint deterioration and moisture penetration of a flnsh 
patch, the  interior edges should be filleted with a sealant. 
6 .  Joints and Fasteners 
- 
a. Problem 
The presence of an electrolyte le.g., water) combined with a lack of 
oxygen beneath Lap j o i n t a ,  rivets, bolts, and other fasteners often 
causes crevice carrosion between t h e  faying surfaces. (See Figure 29.1 
Dissimilar metal corrosion can res.11t from the use of a weld rod thac 
contains silicon, copper, end other materials, 
FIGURE 29 CREVICE CORROSION AT LAP JOINTS 
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When subjected to welding temperatures in the 850°~ to 1,550°F 
range, stainless steels precipitate chromium carbides in the grain 
boundaries. The presence of these carbides can cause weld decay. The 
sericusness of the problem of joint and fastener corrosion is related to 
the loss of structural integrity that can ensue. 
b. - Desjan and Mhintenance Solution 
The problem of precipitated carbides in the grain boundaries can be 
eliminated if the more expensive low-carbon alloys are used (e.g., 304L, 
321L, 347M). If the required weldments are small, the conventional 
stainless steel alloys may be used, provided that a re-solution heat i~ 
employed after welding. When spot-welding either aluminum or stainless 
steel, the process should include the application of a sealant to 
prevent crevice corrosion. Both faying surfaces should be oxidized with 
an acidic oxide stripping product; a sealant (such as MIL-S-81733) 
should be applied to the faying surfaces and spot-welds made while the 
sealant is still in a liquefied state. 
To avoid corrosion due to water intrusion, all rivets and threaded 
fastc:ners should be dipped in a sealant (e.g., MIL-S-81733) before 
inseriion and installed inmediately before polymerization occurs. The 
surfaces to be jolned should also be coated wlth a sealant and assembled 
immediately to prevent crevice corrosion. Excess sealant should be 
removed. (This technique is followed in the assembly of all aircraft 
structures.) To prevent crevice corrosion between stainless steel lap 
joints, all joints must be sealed with MIL-S-81733 as discussed above. 
The use cf antisqueak compounds (e.g., burlap with tar-like coating) 
should be avoided. In time, water will permeate the compound and cause 
oxygen concentation cell corrosion with rust bleeding from between the 
lap joints. 
To prevent dissimilar metal corrosion of welded body skin areas, the 
weld rod must be a compatible weld rod; that is, it nust have 
essentially the same composition as the metal being welded. Weld decay 
on a stainless steel car wiIl not be a problem if a low-carbon or 
stabilized stainless-steel alloy, such as 3042, 316L, 321L, or 347M 
[American Iron and Steel Institute (AISI) designations] is s?ecified. 
7. Windows 
a. Problem 
Condensation of moisture within dual- or triple-glazed windows can lead 
to crevice corrcsion of the sills and staining of the windows by 
compcunds leached from the rubber. Rubber seal strips around the panes 
not only permit the seepage of water between glazes, but aJ.so obstruct 
its escape. Sealed double-glazed ~fndows may also be subject to 
moisture penetration if internal pressures break the seal. 
b. Design Solution 
To prevent condensation within window panes, a contip-ual presence of dry 
a i r  is required. Dry a i r  can be provided by a device beneath the window 
tha t  combines s i l i c a  g e l  t o  absorb moisture and a rubber bladder t o  
accommodate breathing. A small tube c a r r i e s  a i r  t o  and from the window, 
a s  i l l u s t r a t e d  i n  Figure 30. The bladder and s i l i c a  ge l  device is  
placed under the inner skin and requi res  no maintenance. To prevent 
d i sco lora t ion  of the  window pane, t he  tubing should not  be made of 
polyvinyl chlor ide (PVC) because t h e  v o l a t i l e  p l a s t i c i z e r  w i l l  sublime 
and condense on the glass .  
n N R U B B E ~  SEAL 
RUBBER SEAL 
SILICA GEL 
\ A +TUBE 
FIGURE 30 MOISTUKE PREVENTIVE DEVICE FOR WINDOW 
To ensure that the rubber seal strip provides maximum sea?inf capacity, 
it should contain an antiozonant to prevent ozone cracking, as 
designated in ASTM D-2000, C12 suffix (see Appendix D). Alternatively, 
an ozone-resistant rubber such as neoprene may be designated; h~wever, 
the use of neoprene does not ensure freedom from cracking if the 
fonnulation contains large amounts of process oil or reclaimed rubber. 
c. Maintenance Solution 
If a blhlder and silica gel device has been installed on windaws,without 
an ozone-resistant rubber seal strip, a topical applie ,tion of 
antiozonant can be made. This method of tre?tment is specifically 
suited for vulcanizates that do not have an antiozo;c?nt incorporated in 
them at the time of ~canufacture or vulca~~izates that are difficult to 
protect from ozone attack even with an antiozonant, uuch as oil-extended 
butadiene rubber (BR) or peroxide-cured styrene butadiene, nitrile 
butadiene rubber, or natural rubber (SBR, NBR or NR), incorporated at 
the time of manufacture. A list of comercially available antiozunants 
for elastomers is provided in Appendix D, 
The recommended solution is 1:1 parts by volume of acetone and 
N,N1-dioctyl-p-phenylenediamine (MIL-D-50000), when staining is not a 
factor. The reconmended mel?,od of application is brushing or dipping, 
not spraying. (If two coats of solution are applied, the time allowed 
between application of the first and second coats should be 4 hr. It 
takes 15 hr or overnight for items containing two coats of solution tb 
dry completely. ) 
Even though the external method of protection does provide excellent 
<)zone resistance to SBR, NBR, and NR vulcanizates, it is considered less 
satisfactory than incorporating an antiozonant into the rubber at the 
time of manufacture (where this is feasible) for the following reasons: 
o Cost of application and hazards related thereto (toxicity, 
fire, etc. ). 
o Possibility of misuse of coating and missing of spots during 
application. 
o Items will not be protected during the stora.%e i~terval betwee 




Plymetal doors in older cars are susceptible to r,~oisture intcv;l.r:n Cese 
Figure 28 Section A.5. of this chapter). Plymetal is a laminat&.~x gf 
two metal sheets (either aluminum or steel) on a plywood core. The 
metal is subject to severe oxygen concentra' cell corrosion if the 
wood is moist. Moisture from rain and washings is drawn between the 
wood core and the metal surfaces by the wicking action of the wood. 
Rotting and swelling of the wood accelerate the corrosion problem. 
b. Design and Maintenance Solution 
The use of pLymeta1 in doors is discouraged. However, for exlsting 
~roblems, two improvements may be made. The first consideration is the 
ir.corporation of a seai.?d metal cap to prevent moisture intrusion along 
the edges. The second c:bnsideration is the applizatior. of an inhibitive 
primer (MIL-P-23377) to the aluminum surface that is being bonded to the 
plywood. If moisl--re entere, corrosion will be minimized for a longer 
period of time. Evzintually, delamination will occur, however, as a 
result of the susceptibility of the adhesive to deterioration frail 
moisture intrusion. Future door structures should be weld-sealed. 
9. Hinges 
- 
a. Pro1 iem 
Mush of the pitting on alw..:: sklns is caused by graphite-pigmented 
greases. Graphite behaves metal. When placed in direct coGtact 
with another metal, graphite causes dissi~ilar metal corrosion. Door 
hinges may also exhibit general pitting corrosion. 
Design and Maintenance Solat ion -
When lubricative pigmentation is necessary, the use of a -st-inhibitive 
grease, such as MIL-G-10924 pigmented with inhibited molybdenum 
disulfids powder,* is recommended. In ali caaes, a lubricant that 
does not contain graphite should be used. Replacements for graphite 
lubricants are iisted in Table 1. 
General pitting corrosion of door hinges can be prevented through the 
use of solid lubricant (MIL-L-46010 and MIL-~46147). Solid-film 
lubricants should be applied to both moving surfaces to increasc wear 
life. (An added advantage is that the solid lubricant does not attract 
dirt as soes the petroleum-based lub~icant.) 
*~or examjla, SPL-532, a groduct of Sands trom Products Laboratory, 
Port Byr-rl, IL. 
Table 1 
REPLACEMENTS FOR GRAPHITIC LUBRICANTS 
Grapb i t ic (corrosive) Noncorrosive 
Lubricartts Usage Replacement 
TT-A-580 Antiseize MIL-L-25681 
SS-G-659 Dry lubricartt MIL-M-7866 
JAN-A-669 Antiseize MIL-L-25681 
W-G-67 1 Dry lubricant MIL-M-7866 
MIL-A-90 7 Antiseize MIL-L-25681 
MIL-T-5544 Ant iseize MIL-L-25681 
MIL-T-5544 General lubricant MIL-L-2 1164* 
MIL-G- 139 12 Ant iseize MIL-L-25681 
MIL-L-3572 Silicon oil lubricant ~1~-~-25681** 
MIL-G-6711 Dry lubricant MIL-M-71366 
(Cancelled 4 Mar 71) 
MIL-G-7187 General lubricant MIL-G-2 1164* 
(Cancelled 12 Nov 65) 
Heat cure 
(solid film) 
Air dry MIL-L-46 14 7 
(solid film) 
* For problems with noncompatibility of elastomers with this synthetic 
lubricant, use MIL-G-23549. 
** Where use of a silicone oil-base lubricant is impractical, MIL-G- 
81322 also may be substituted for MIL-L-3572, except where use of an 
oil is mandatory ( i . e . ,  poor access, configuration, etc.). 
10. Underboay Equipment 
Electric Control Box--Seal 
(1) Problem 
Electric control boxes are sealed by means of gaskets or O-rings, (i.e., 
not hermetically sealed). Condensation can occur as a result of ozone 
cracking, compression set, -iud uniilled voids in the gaskets or 
O-rings. Unsealed boxes \ -.e., boxes se\.dred with set screws or 
latches) experience general environmental corrosion if not adequately 
protected. (See Figure 31. .* 
(2) Design and Maintenance Solution 
To eliminate the effects of condensation in electric control boxes, a 
drain slot, a vapor corrosion inhibiting (VCI) materfal, or suitable 
breathing device must be incorporated into the system (see Section A.4 
of Chapter 111). VCI materials can prevent moisture condensation and 
subsequent corrosion of unsealed boxes. (A time-release vapor capsule 
is produced by the Eaton Corporation under the brand name Cutler-Hammer 
Oxidation Inhibitor.) 
b. Electric Control Box--Printed Circuit Boards 
(1) Problem 
Printed circuit boards (PCBs) in control boxes will corrode. They will 
also short-circuit between the traces when condensation occurs. 
( 2 )  Design and Maintenance Solution 
Protection should be provided the PCBs with an epoxy or urethane 
conformal coating. The conformal coating must cover the gold-plated 
connectors to pregent dissimilar metal corrosion, especially if the 
circuits consist of a lead-tin solder plate. (see Figure 9 in Chapter 
111.) Silver-plated contact connectors should be avoidtd if possible 
due to the silver's tendency to migrate across non-conductive materials 
and calJse a shorting of the circuit. 
The vertical placement of PCBs restricts the retention of moisture and 
of dust and dirt that become conductive in the presence of moisture, 
Vertical placement also permits conductive cooling of the boards. 
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a.  Corroded E l e c t r i c  Gontxol Box 
b. Undrained Bottom Panel of ~ l e c r r i c  Control box 
FIGLIRt 31 CEKERAL CORROSION OF AH ELLCTRLC CONTROL BOX 
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c. Electric Control Box--Insulation 
(1) Problem 
Over a period cf time, polyvinyl chloride (PVC) insulation undergoes 
autocatalytic decompcsition that results in the generatior. of toxic and 
corrosive vapors. These vapors consist primarily of hydrogen chloride 
that reacts with water to form hydrochloric acid. The hydrochloric acid 
attacks most metals used in electronic components. The resulting 
halogen pitting is especially prevalent on cadmium-plated aluminum 
connectcirs and aluminum chasses. Other materials that can generate 
corrosive vapors include acetic acid from room temperature vclcanizing 
(RTV) silicones, formic acid from the curing of alkyd paints, ammonia 
from uncured phenol-formaldehyde resins, and potassium chloride 
(huinectarrt) from nylon coil bobbins. 
( 2 )  Design and Maintenance Solution 
To prevent the foimation of hydrochloric acid and the resulting halogen 
pitting, nonchlorinated insulation materials (e.g., ~ e f l o n ~  and
polyolefin) should be used. To prevent the generation of acetic acld 
vapors from RrV silicones, noncorrosive methanol-emitting sealing 
compounds should be v.sed. 
B. Body Interior 
1. Floor 
a. Problem 
Plymetal is a combination of two metal sheets (either aluminum or steel) 
on a plywood core. The metal is subject to severe oxygen concentration 
cell coriosion if the wood is moist. Plymetal floors are susceptible to 
moisture intrusjon. Moisture froin rain and washings is drawn between 
the w o ~ d  core and the metal surfaces by the wicking action of the wood. 
Rotting aad swelling of the wood accelerates the corrosion problem. 
Floor sections become "spongy" and eventually perforate, causing a 
potential hazard to passengers. 
It foam-backed carpet is placed in direct contact with a metal or 
plymetal floor (as seen in Figure 321, crevice corrosion may develop in 
the presence of water. That is, rainwater and washwater, which are 
retained by the carpet that covers the metal floor, become .in 
electrolyte. 
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FIGURE 32 WATER RETENTION BY FQM-BACKED CARPET 
ON A PLYMETAL FLOOR 
b. - D e s i ~ n  and Maintenance SoluLis 
Current plymetal  structures need two design improveme~ts. The first is 
the incorporation of 6 sealed %eta1 cap !Figure 3 3 )  t o  prevent moisture 
intrusion along t h e  edges. The cap should be of the same metal as t h e  
plymetal surface and should be attached with blind r i v e t s ,  as 
illustrated. The cap should be sealed w i t h  MIL-S-81733. The secord is 
the  appli~ar ion of an i n h i b i t  ~ v e  primer (MIL-P-23377 or KSC-C-0001) to  
the m e t a l  surface that is being bonded t o  t h e  plywood. 
PLYMET AL BUN0 POP RIVETS 
SEALANT I 
SHEET METAL 
METAL CAP (SAME METAL 
AS PLYMETAL SURFACE) 
FIGURE 33 SEALED METAL CAPPING PROCEDURE 
I n  ful ,re s t r u c t u r e s ,  cons ide ra t ion  might be  g iven t o  incorpora t ing  a  
t e t r a c o r e  s t r u c t u r e  t o  r e p l a c e  t h e  plymetal .  Te t racore  is  a  
monofilament-uound g r a t i n g  t h a t  i s  s t r o n g  and l igh twe igh t  and does not  
absorb moisture.  (See Figure 20.) The paint-primed meta l  and the  
sealed capping procedure should a l s o  be  usea  t o  prevent d e t e r i o r a t i o n  of 
the  adhesive. 
Rework of  corroded plymetal  s t r u c t u r e s  must inc lude  i n h i b i t i v e  priming 
of the  metal  s u r f a c e s  p r i o r  t o  rebonding. The edges of the  plymetal  
s t r u c t u r e  must be capped with metal  t o  prevent  s i m i l a r  f a i l u r e s  i n  t h e  
f u t u r e ,  a s  i l l u s t r a t e d  i n  Figure 33. 
Crevice cor ros ion  of meta l  and plymetal f l o o r s  beneath foam-backed 
ca rpe t  can be avoided by applying an a l k a l i - r e s i s t a n t  c o a t i n g  (e.g.,  an  
epoxy primer with a  ure thane top c o a t  such a s  MfL-P-23377 and 
MIL-C-83286) t o  the  metal  su r face .  A l t e r n a t i v e l y ,  the  meta l  may be 
coated with an organic  z inc-r icb  primer (NASA Shelf  Master ,  Appendix 
D). Fi re - re ta rdan t  s y n t h e t i c  f i b e r  c a r p e t i n g  and v i n y l  t i l e s  have a 
p o t e n t i a l  f o r  producing c o r r o s i v e  and t o x i c  vapors i n  the  event of a  
f i r e .  Therefore ,  the I *  ;e of these  m a t e r i a l s  f o r  c a r p e t i n g  should be  
avoided. I n s t e a d ,  wool c a r p e t  and asbes tos  t i l e s  a r e  recommended. 
2. Doorways 
Problem a*  -- 
Door s i l l s  ( a l s o  c a l l e d  threshold  p l a t e s )  c o l l e c t  d u s t ,  d i r t ,  and 
debr i s .  P o u l t i c e  cor ros ion  develops i n  the  presence of mois ture  i n  
chese a reas .  
b. Design and Maintenance Solution 
Door sills should be flush with the floor to prevent the collection of 
dirt and debris. Edges of the sills ahould be sealed with an 
elastomeric material (MIL-S-81733) to prevent the intrusion of water and 
to facilitate cleaning. The use of an elastomeric sealant, rather than 
a caulk, is advised to prevent the seal from dislodging as a result of 
vehicular vibration. If a smooth seal cannot be made, a strip of 
plastic (e.g, polyethylene, cellophane, or ~ ~ l a r ~  t pe) may be placed 
over the seal until the seal. polymerizes. A smooth seal is required to 
prevent a recurrence of the poultice corrosion. Welding of wear 'plates 
also provides protection against poultice and crevice corrosion; 
however, maintenance is more difficult because weld cutting is necessary 
for plate replacement. 
3. Wiring 
a. Problem 
A hot-wire short in wiring that is insulated with polyvinyl chloride 
(PVC) can lead to corrosion and is also a fire hazard. PVC emits 
corrosive and toxic vapors at high temperatures. The vapors corrode ail 
exposed metal, including the metal wire. 
b. Desien and Maintenance Solution 
PVC should not be used to insulate wires. Instead, a high-temperature- 
resistant insulating material should be used. Materials such as 
~ e f  lonK, F E P ~  (f luotinated ethylene propylene) , ~ ~ n a r ~  
(polyvinylidine fluoride) , and ~ a ~ t c n ~  (~olyimide) should be used. 
C. Truck 
-
1. Car Couplczs 
-
a. Problem 
Car co;~plers are sirbject to corrasion in the lubrication areas--that is, 
the conL.act surfaces of the noving parts. Routinely, these surfaces are 
1ubrica:ed with a grar-' :te-pigmented grease. Because graphite behaves 
as a metal, dissimi, .eta1 corrosion may occur when the graphite is 
placed in direct contact with the steel coupler. 
D. Design and Maintenance Solution 
To prevent car coupler corrosion and lmpact damage, the use of a 
solid-film lubricant (MIL-L-46010), 7 nry durable high-temperature bake 
lubricant, or an air-dry lubricant (MIL-L-46147), is reqommended. 
Although application of the solid-film lubricant to both ~noving s~rfaces 
is advised for optimal wear life, an application to one surface may be 
adequate. 
2. Journal Bearings 
a. Problem 
Wear and corrosion on journal bearing, result from heavy loads during 
use and the presence of graphite-containing lubricants. Because 
graphite is a metalloid (capable of actiltg as a metal) and is cathodic 
to all structural metals, iC accelerates the rate at which the 
structural metals corrode. 
b. Design and ilaintenance Solution 
The addition of an inhibitive dry lubricant powder (see Subsection A.9.b 
of this chapter) to a rust-preventative grease is the recommended 
alternative to the use of graphite on bearings. The formulation for the 
inhibitive powder is 50% molybdenum disulfide, 30% antimony trioxide, 
and 20% dibasic lead phosphite. 
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Appendix A 
TYPES OF CORROSION AND THEIR CAUSES 
The bas ic  na tu re  of  e lec t rochemical  c o r r o s i o n  is t h e  a flow of d i r e c t  
c u r r e n t  from one metal  s u r f a c e  (anode) t o  ano the r  (ca thode)  through a 
conductive s o l u t i o n  ( e l e c t r o l y t e ) .  This  flow d e s t r u c t i v e l y  a l t e r s  the  
metal  a t  the  anode. (The anode and cathode may be on t h e  same p iece  o r  
on two d i f f e r e n t  p ieces  of meta l  t h a t  a r e  e l e c t r i c a l l y  connected.)  A s  
may be seen i n  Figure A-1, the c o r r o s i o n  c e l l  is  s i m i l a r  t o  a b a t t e r y .  
The e l e c t r o l y t e  cons i s  ts  b a s i c a l l y  of hydrogen (H') and hydroxy 1 
[(OH)'] ions.  Xeta l  p a r t i c l e s  ( p o s i t i v e l y  charged i o n s )  a t  t h e  anode 
d i s s o l v e  i n t o  the  e l e c t r o l y t e  and ieave the i iegat ively  charged e l e c t r o n s  
behind on the  s u r f a c e  of t h e  anode. The e l e c t r o n s  flow o r  migra te  
t l~ rough  the  r e t u r n  c i r c u i t  co the  cathode.  Because the  e l e c r r o l y t  * must 
remain e l e c t r i c a l l y  n e u t r a l ,  some p o s i t i v e  ions  must be d i sp laced  t o  
a d j u s t  f o r  the  p o s i t i v e  ions  t h a t  have been added a t  the  anode. (The 
flow of e l e c t r o n s  is 3 1 ~ 0  -1ecessary t o  complete t h e  e lec t rochemica l  
process ,  but  t h i s  flow remains w i t h i n  the  meta l . )  
FIGURE A-1 BASIC CORROSION CELL 
Elec t rocor ros ion  i s  caused by the migra t ion  of ions  (metal  p a r t i c l e s )  
i n t o  the  e l e c t r o l y t e  a t  the  anode and f r ~ m  t h e  e l e c t r o l y t e  a t  the  
cathode. Since the  anode and cathode a r e  connectec! by the  r e t u r n  
I 
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c i r c u i t ,  a so-called flow of c u r r e n t  con t inues  back t o  the  anode. I n  
Figure  A-2, t h i s  process  i s  shewn a s  i t  occurs  o t ~  a p i p e l i n e .  When t h e  
metal  is  s t e e l ,  f e r r o u s  ions  migrate  i n t o  t h e  e l e c t r o l y t e  a t  t h e  anode, 
c a r r y i n g  two po; i i t ive  charges.  Rust forms when t h e  f e r r o u s  ions  r e a c t  
wi th  t h e  hydroxyl ions  of water  t o  form f e r r o u s  hydroxide. 
H,O TH+ ( OH)' 
Fe -.Fett +2e 2 ~ '  +2e+H, 
Anode 3athode 
(Corroding Area) (Protected Area) 
FIGURE A-2 I O N  AND ELiCTRON FLOW I N  CORROSIGN 
Although b a s i c a l l y  cne same i n  n a t u r e ,  t h e r e  a r e  many types  of  
co r ros ion .  During t h e i r  survey of t h e  t r a n s i t  p r o p e r t i e s ,  t h e  au thors  
of t h i s  manual uncovered nine  types  of  co r ros ion .  On  he fol lowing 
pages,  t h e s e  types  of c o r r o s i o n  a r e  desc r ibed .  The most p reva len t  type  
on t r a n s i t  s t r u c t u r e s  and cars--oxygen concen t ra t ion  c e l l  
corrosion--heads the  l i s t ,  followed by d i s s i m i l a r  mstala o r  ga lvan ic  
cor ros ion ,  s t r a y  c u r r e n t s  corrosion--wb' ch laas the  g r e a t e s t  impact on 
o t h e r  s t r u c t u r e s ,  s t r e s s  cortos;on crackin?, ,  f a t i g u n  cor ros ion ,  p i t t i n g  
cor ros ion ,  uniform e t c h ,  f r e t t i n g  c o r r o s i o n ,  nnd weld decay. 
1. Oxygen Concentratio.1 Cer l  Corrosion. 
Oxygen concen t ra t ion  cells a r e  p resen t  i n  c r e v i c e s ,  h d h e r e ~ t  d e p o s i t s ,  
deep recesses ,  and a t  water  l ines--arcas vk'erein the  d i f f u s i o n  of  oxygen 
i s  hindered and t h l ~ s  s e t s  up d i f t e r e n c e s  i n  s o i u t i o , ~  c a m e n t r s c i o n  c,f 
d i s so lved  oxygen. These low-oxyge- a r e a s  ore ~ i i c d i c  raid 3re prone t o  
cor ros ion .  
The four  primary oxygen c o n c e ~ t r a t  ion  c e l l  co r ros ions  a r e  ~ r e v i c ;  
co t  ros ion ,  p o u l t i c e  cor ros ion ,  f i l i f o m  c o r r o r  '.m, an$ tubercul i : tF~~n 
corros ion.  Each of t h e s e  i s  desc r ibed  below. 
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a.  Crevice Corrosion 
Crevice cor ros ion  is  produced i n  t h e  reg ion  of c o n t a c t  beteween two 
meta l s  o r  between a meta l  and o t h e r  nonmetal l ic  m a t e r i a l s  where 
c a p i l l a r y  a c t i o n  can draw mois ture  i n t o  t h e  c r e v i c e  between fay ing  
su r faces .  It may be found under f a s t e n e r s  and b a l l  bea r ings ,  a t  j o i n t s ,  
and between laminates.  Even when f r e e  of p i t t i n g  n u c l e i ,  s t a i n l e s s  
s t e e l  is  s u s c e p t i b l e  t o  c r e v i c e  cor ros ion  because a nucleus  i s  no t  
necess:+y . (See Figure A-3. ) 
H!gh oxygen 
concentrotlon\ 
Source: Pludek. V .  Roger, Design and Corrosion ControlL printed in  
Great Britain by Unwin Brothers Limited, The Gresham Press, 
Old Woking, Surrey, 1977. 
FIGURE A-3 CREVICE CORROSION 
b. P o u l t i c e  Corrosion 
Like c r e v i c e  cor ros ion ,  p o u l t i c e  c o r r o s i o n  i s  produced by mois ture  
wicking between two metals  o r  between a meta l  and o t h e r  nonmetal l tc  
m a t e r i a l s .  However, one of t h e  m e t a l l i c  o r  nonmetal l ic  m a t e r i a l s  must 
be porous. Examples a r e  sand,  paper ( Ins lud ing  wastepaper) ,  m e t a l l i c  
d u s t ,  and mud t h a t  may form a p o u l t i c e  when laden wi th  mois ture .  I n  
t ime,  the  p o u l t i c e  becomes a c r u s t y  mass a s  the  a l k a l i  produces a 
cement. (See Figure  A-4. ) 
POROUS MATERIAL SUCH AS 
SAND. MUD. CONCRETE 
ALKALI (CATHODE) / ALKALI (CATHODE) 
METAL ANODE 
Sotuce: Pludek, V. Roger, Dcsign and Corroaion Control, printed in 
Great Britain by Unvin Brothers Limited, The Cnrhan Preae, 
Old Woking, Surrey. 1977. 
FIGURE A-4 POULTRICE CORROSION 
c. F i l i f o r m  Corrosion 
F i l i fo rm c o r r o s i o c  occurs  on painted o r  p l a t e d  meta ls .  A r a d i a l  
worm-like c o r r o s i o n  path emanates from a  c e n t r a l  c o r e  of c o r r o s i o n  under 
the  pa in t  or p l a t i n g .  The cause  is poor adhesion t h a t  permits  mois ture  
permeat ion. (See Figure A-5.)  
CROSS SECTION 
OF HEAD 
FIGURE A-5 FILIFORM CORROSION 
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Tubercula t ion c o r r o s i o n  forms a s  a s c a t t e r e e  c o r r o s i o n  product over  an 
e n t i r e  meta l  surface .  Its knot- l ike  mounds enab le  easy  i d e n t i f i c a t i o n .  
(See Figure  A-6.) 
TUBERCLES 
FIGURE A-6 TUBERCULATION COPaOSION 
2. Diss imi la r  Metals o r  Galvanic Corrosion 
Galvanic cor ros ion  is  produced by t h e  e lec t rochemica l  a c t i o n  of two 
d i s s i m i l a r  meta ls ,  i n  d i r e c t  c o n t a c t ,  i n  the  presence of  an e l e c t r o l y t e  
and a conductive path. That is ,  a c u r r e n t  i s  genera ted and one metal  
becomes the  anode and t h e  o t h e r  the  cathode.  (See Figure A-7.) Table 
A-1  p resen t s  t h e  ga lvan ic  s e r i e s  of  meta ls  and a l l o y s .  The most anodic 
meta l  (magnesium) leads  the  list and i s  followed by meta l s  t h a t  a r e  
i n c r e a s i n g l y  l e s s  anodic. The f a r t h e r  a p a r t  t h e  meta l s  a r e  i n  the  
t a b l e ,  the  g r e a t e r  w i l l  be the  ga lvan ic  tendency a s  can be seen by 
measuring t h e  e l e c t r i c a l  p o t e n t i a l  d i f f e r e n c e .  
Cath 
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Anode 
Source: Pludak, V. Roger, e n  and Corromion ControlL printed in  
Great Britain by Unvin Brothers Limited, The Gresham Prasa, 
Old Nuking, Surrey, 1977. 
FIGURE A-7 GALVANlC COKROS I O N  
Table A-1 
GALVANIC SERIES OF METALS AND ALLOYS I N  SEA WATER 
Anod i c  
Magaes ium 
Zinc 
Brry 1 l i u m  
Aluminum a1 1oys 
Mild s t e e l ,  c a s t  i r o n  
Low u l loy  s t e e l  
A u s t e n i t i c  n i c k e l  c a s t  i r o n  
Aluminum bronze 
Naval b r a s s ,  yellow b r a s s ,  red b r a s s  
Tin 
Coppt? t- 
Ph-Sn s o l d e r  (50/50)  
Admiralty b r a s s ,  aluminu~n b r a s s  
b lang;~n~se  bronze 
S i  l icon bronze 
Tin hronze (C:  d M) 
S t a i n l e s s  steel--Types 410, 41bak 
Nit-kel s i l v e r  
00- 1 0  copper-nicke 1 
80-20 copper -n~cke l  
S t a i n l e s s  steel--1)lpe 430* 
Lead 
71)/.10 copper n icke l  
Nickr 1-aluminum bronze 
Nickp l -chromium a 1  loy 000" 
Si  l v t>r  braze a1  loys 
Nickel 200 
S i l v e r  
S t a i n l e s s  steel--Types 302, 304, 321, 347* 
Nickel-copper a l l o y s  400, K-500 
S t a i n l e s s  steel--Types 316, 317" 
111 ltly "20" s t a i n l e s s  s t e e l s ,  c a s t  and wrought 
Nickr 1-iron-clrromium a l l o y  825 
Ni -Cr-Mo-Cu-Si a l l o y  B 
Cat l l i d  i c  
Ti  tc~niuin 
Ni-Cr-EIi) a l l o y  C 
P l a t  inum 
tirapll i te  
rt 111 lovs a r e  l i s t t ~ d  i n  the  o rde r  of t h ~  p o t e n t i a l  they e x h i b i t  i n  
f l o w i n g  sca water.  Cer ta in  a l l o y s  i n  low-velocity o r  poorly a e r a t e d  
water ,  ancl wt sh ie lded  a r e a s ,  inay become a c t i v e ,  
Source: Heprinted cour tesy  o t  the I n t e r n a t i o n a l  Nickel Company, Inc .  
3. S t ray  Current  Corrosion 
S t r a y  c u r r e n t  o r  e l e c t r o l y t i c  c o r r o s i o n  r e s u l t s  when uncon t ro l l ed  
e l e c t r i c a l  c u r r e n t s  [p r imar i ly  d i r e c t  c u r r e n t  (dc )  1 from an e x t e r n a l  
source  fo l low unintended paths .  That i s ,  t h e  c u r r e n t s  s t r a y  o r  l eak  
from t h e  intended s t r u c t u r a l  path and a r e  picked up and c a r r i e d  by 
ano the r  s t r u c t u r e .  Corrosion occurs  a t  t h e  po in t  where the  s t r a y  






Source: Pludek, V. Roger, Ikaign and Corrosion Control, printed i n  
Great Britain by Unwin Brothera Liraired, The Gresham Press ,  
Old Woking, Surrey, 1977. 
FIGURE A-8 STRAY CURRENT CORROSION 
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S t r a y  c u r r e n t  c o r r o s i o n  may b e  found i n  two iorms:  dynamic and s t a t i c .  
As t h e  name i m p l i e s ,  dynamic or f l u c t u a t i n g  c u r r e n t  c o r r o s i o n  o c c u r s  i n  
l o c a t i o n s  where t h e  c u r r e n t  v a r i e s  ove r  a  pe r iod  o f  t ime (e.g.,  
r a i l r o a d s ,  r a p i d  t r a n s i t  sy s t ems ,  weld ing  shops ,  and mines) .  S t a t i c ,  o r  
s t e a d y - s t a t e ,  s t r a y  c u r r e n t s  a r e  commonly found around impressed  c u r r e n t  
c a t h o d i c  p r o t e c t i o n  sys tems o r  h igh  v o l t a g e  dc  t r a n s m i s s i o n  l i n e s  when 
some o r  a l l  of t h e  c u r r e n t  f lows  i n  t h e  e a r t h .  I l l u s t r a t i o n s  o f  t h e  two 
s t r a y  c u r r e n t  t y p e s  are provided  i n  F igu re  A-9. 
Trolley Wire 
Rails Direct Current 
Substatisn 
corrosion 
Structure (pipe or cable) 
a. Dynamic S t r a y  Cur ren t  C o r r o s i o n  
Cathodic Protection lnstallat~on 
Protectwe Current \ , Protective Current 
Picked up by Foreign Line, \ / 
Flowing Through the 
Return to Protected I 
b -Interference (Corrosion I Current 
Earth to 
-ine 
Protected L ~ n e  Foreign or Affected Line 
b. S t a t i c  S t r a y  Cur ren t  C o r r o s i o n  
FIGURE A-9 TWO 'IYPES OF STRAY CURRENT CORKOSION 
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A l t e r n a t i n g  c u r r e n t  ( a c )  a l s o  can cause  cor ros ion  o f  some m e t a l s ,  
s p e c i f i c a l l y  l ead ,  aluminum, and copper. Oxide f i lms  can form on t h e  
s u r f a c e s  of these  meta l s  and cause the  a c  t o  be r e c t i f i e d  t o  dc. When 
a c  is  superimposed on a ga lvan ic  cor ros ion  c e l l ,  t h e  r a t e  o f  c o r r o s i o n  
may inc rease .  
4. S t r e s s  Corrosion Cracking 
S t r e s s  co r ros ion  c rack ing  r e s u l t s  when t e n s i l e  s t r e s s  is  combined wi th  
s u r f a c e  cor ros ion .  S t r e s s  may be i n t e r n a l l y  app l i ed  (e.g.,  non-uniform 
deformation dur ing cold-working o r  v a r i a t i o n s  i n  t h e  cool-down from high 
temperatures)  o r  e x t e r n a l l y  app l i ed  (e.g.,  p r e s s  o r  s h r i n k  f i t s ) .  The 
magnitude of t h e  s t r e s s e s  v a r i e s  from point  t o  po in t  w i t h i n  t h e  metal .  
Usually,  only those  s t r e s s e s  t h a t  exceed the  m e t a l ' s  y i e l d  s t r e n g t h  w i l l  
cause  s t r e s s  c o r r o s i o n  cracking.  (See Figure  A-10.) 
Source: Pludek, V. Rr.ger, Dcrign and Corrorion Control, printed i n  
Great Britain by Unwin Brothers Limited, The Creahun Press ,  
Old Woking, Surrey, 1977. 
FIGURE A-10 STRESS CORROSION CRACKING 
5. Corrosion Fat igue 
S imi la r  t o  s t r e s s  c o r r o s i o n  c rack ing ,  c o r r o s i o n  f a t i g u e  is  a t t r i b u t e d  t o  
s t r e s s  cracks  i n  t h e  presence of a c o r r o s i v e  environment. Unlike s t r e s s  
co r ros ion  c rack ing ,  which i s  r e l a t e d  t o  s t a t i c  loads  ( t e n s i l e  s t r e s s ) ,  
co r ros ion  f a t i g u e  r e l a t e s  t o  dynamic o r  c y c l i c  loads ,  p a r t i c u l a r l y  
a l t e r n a t i n g  ones (Figure  A-11). In  the  absence of a c o r r o s i v e  
environment, the  meta l  w i l l  not  crack even a f t e r  an i n f i n i t e  number of  
c y c l e s  provided t h a t  i t s  endurance l i m i t  ( i . e . ,  c r i t i c a l  s t r e s s  va lue )  
i s  not  exceeded. In  a c o r r o s i v e  environment, however, t h e  meta l  w i l l ,  
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in time, f a i l  no matter how low the stresses. Environments that lead to 
stress corrosion fatigue differ with different metals, as indicated i n  
Table A-2. 
Source: Pludek, V. Roger, Design and Corrooion Control, printed in  
Croat Britain by Umin Brothera Limited, The Gresham Prers, 
Old W i n g ,  Surrey, 1977. 
FIGURE A-1 1 CORROSION FATIGUE 
Table A-2 




Water and steam; NaC1, including sea 
atmospheres and waters; air, water 
vapor 
Tropical atmospheres; mercury ; 
HgN03; bromides; ammonia; 
ammoniated organics 
Aluminum bronzes Water and steam; H2S04; caustics 
Austenitic stainless steels Chlorides, including FeC13, NaC1; 
sea environments; H2SO4; 
fluorides ; condensing steam from 
chloride waters 
Ferritic stainless steels Chlorides, including NaCl; fluorides; 
bromides; iodides; caustics; 
nitrates; water; steam 
Carbon and low-alloy steels HCl; caustics; nitrates; HN03; HCN; 
molten zinc and Na-Pb alloys; H2S; 
H2S04-H2N03; H2SO4; sea 
water 
High-strength alloy steels Sea and industrial environments 
(yield strength 200,000 psi plus) 
Magnesium NaC1, including sea environments; 
water and steam; caustics; N2O4; 
rural and coastal atmosphere; 
distilled water 
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Table A-2 (concluded) 
Material Environment 
-"--- 
Lead Lead acetate solutions 
Nickel Bromides ; caustics ; tips04 
Mone 1 
Titanium 
Fused caustic soda; hydrochloric and 
hydrof luoric acids 
Caustic soda solutions; high purity 
water with few ppm oxygen 
Sea environments; mercury; molten 
cadmium; silver and AgC1; methanols 
with halides; fuming red HNO3; 
N2O4; chlorinated or fluorinated 
hydrocarbons 
Source: Pludek, V. Roger, Design and Corrosion Control, printed in 
Great Britain by Unwin Brothers Limited, The Gresham Press, 
Old Woking, Surrey, 1977. 
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6. P i t t i n g  Cor ros ion  
P i t t i n g  is  t h e  most common form o f  c o r r o s i o n  on aluminum and magnesium 
a l l o y s .  When p r o t e c t i v e  f i l m s  b reak  down, p i t t i n g  o c c u r s .  P i t t i n g  
c o r r o s i o n  a p p e a r s  f i r s t  a s  a  wh i t e  o r  g r a y  powdery d e p o s i t .  Beneath 
t h i s  d e p o s i t ,  t i n y  p i t s  a r e  forming. The s e r i o u s n e s s  of t h e  p i t t i n g  
c o r r o s i o n  problem r e l a t e s  t o  t h e  r a p i d  r a t e  o f  p e n e t r a t i o n  i n t o  t h e  
m e t a l  due t o  t h e  sma l lnes s  of  t h e  anode. Each p i t  a c t s  a s  a  s m a l l  
anode,  w i th  t h e  s u r f a c e  f i l m  becoming a l a r g e  c a t h o d e ,  a s  shown i n  
F igu re  A-12. 
,PI! (anode) 
/ \~orroslon Metal current 
Source: Pludek, V. Roger, Lkrign and Corrorion C o ~ t t r o l ~  printed i n  
Great Britain by IJnvin Brotherr Limited, The Grerharn Prerr. 
Old Woking. Surrsy, 1977. 
FIGURE A-12 PITTING CORROSION 
7. Uniform Etch Cor ros ion  
With uniform e t c h  c o r r o s i o n ,  no d i s t i n g u i s h a b l e  a r e a  of  t h e  me ta l  
s u r f a c e  is  wholly anodic  o r  c a t h o d i c .  (See  F igu re  A-13.) The anodc and 
t h e  ca thode  a r e  i n d i s t i n g u i s h a b l e .  T h i s  c o r r o s i o n  a p p e a r s  a s  an  o v e r a l l  
d i s i n t e g r a t i o n  o f  t h e  me ta l .  Examples i n c l u d e  h i g h - t e m p e r a t u r e  
o x i d a t i o n ,  t a r n i s h i n g ,  and t h e  g e n e r a l  r u s t i n g  of : . ietals.  The i n i t i a l  
r a t e  of a t t a c k  i s  u s u a l l y  f a r  g r e a t e r  t han  t h e  f i n a l  r a t e  because  t h e  
c o r r o s i o n  product  t ends  t o  form a  p r o t e c t i v e  l a y e r .  For t h i s  r e a s o n ,  
t h e  exposure  t ime should  always be g i v e n  when c o r r o s i o n  r a t e s  
( m i l l i g r a m s  p e r  s q u a r e  d e c i m e t e r  p e r  day )  a r e  r e p o r t e d .  
Pnode metal' 
Source: Pludek, V. Roger, lksign and Corrorion Control, printed i n  
Great Britain by Unwin Brotherr Limited, The Grerham Presa, 
Old Woking, Sbrrey, 1977. 
F I G U K E  A-13 UNIFORM CORROSION (GENERAL CORROSION)  
8. F r e t t i n g  C ~ r r o s i o n  
The rap id  coi-rosion t h a t  occurs  a t  the  i n t e r f a c e  between t i g h t l y  f i t t e d  
metal  s u r f a c e s  under s l i g h t  v i b r a t o r y  cond i t ions  i s  known a s  f r e t t i n g  
cor ros ion .  It i s  most ,:ommon on load-bearing s u r f a c e s  of machinery 
(e.g.,  connecting rods ,  s h a f t s ,  and suppor t s )  but i s  a l s o  found on 
s t r u c t u r a l  suppor ts  where r e l a t i v e  motion occurs  between members. A s  
i ts  name impl ies ,  f r e t t i n g  cor ros ion  dppears a s  a s e t  o r  s e r i e s  of 
r idges .  (See Figure A-14.) 
Frettlnq ot t~qht fits 
Source: Pludek, V. Loger, Dcrign and Corrosion Control, printed i n  
Great Britain by Unwin Brothers Limited, The Grerham Press, 
.?ld Woking, Surrey, 1977. 
F I G U R E  A-14 F R E T T I N G  CORROSlON 
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K n i f e 1  i n e  C o r r o s i o n  and Weld Decay 
Wcld d e c ~ y  and k n i f e l i n e  a t t a c k  i n  m i l d  and s t a i n l e s s  steels a r e  c l o s e l y  
r e l a t e d  i n  a  h e a t - a f f e c t e d  zone  on e i t h e r  s i d e  o f  a  w e l d ;  t h e  
t e e r p e r a t u r e  i n d u c e s  t h e  fo rmat  i o n  o f  chromi um c a r b i d e  p r e c i p i t a t e s ,  t h u s  
removing chroaiuln  and p r e v e n t i n g  i t  from f u n c t i o n i n g  as a  
c o r r o s i o n - r e s i s t a n t  a 1  l o y i n g  e l e m e n t .  ( S e e  Figure A-15. ) S t a b i l i z e d  
n u s t p n i t i c  s t a i n l e s s  s teels may a l s o  b e  a t t a c k e d  i n  a " k n i f e l i n e "  c l o s e  
t o  t h e  weld.  S t a b i l i z a t i o n  by c d d i t i o n  o f  columbium o c c u r ,  when 
columbium c a r b i d e s  i n s ~ e a d  o f  chromium c a r b i d e s  t o m ,  t h u s  l e a v i n g  
chromium i n  s o l u t i o n  t o  s e r v e  i t s  i n t e n d e d  p u r p o s e .  K n i f e l i n e  a t t a c k  
o c c u r s  when p o s t w e l d  h e e t i n g  ( t o  t h e  r a n g e  950°F t o  1,400°F) i s  
enough t o  p r e c i p i t a t e  chromium c a r b i d e  b u t  i n s u f f i c i e n t  t o  o b t a i r  
p r e  F e r e n t  i a l  f o r m a t  i o n  of  columbium c a r b i d e  from d i s s o l v e d  columbium and 




' AFFECi ED L u E  WELD DECAY 
FIGUKE A-15 KNIFELINE CORROSION 
F i g u r e  A-16 shows how t h e  t e m p e r a t u r e  on e i t h e r  s i d e  o f  t h e  weld p a s s  
may i t r c r e a s c  t o  3 r a n g e  where d i s s o l t ~ e d  chromium i s  d e p l e t e d  by t h e  
f o r m a t i o n  of  c a r b i d e  p r e c i p i t a t e s .  Weld d e c a y  o c c u r s  a t  t h e  ci-romium 
d e p l e t e d  r e g i o n  t h a t  behaves  a s  a n a r r o w  anode  i n  c o n t a c t  w i t h  a  l a r g e  
c a t h o d c  s u r f a c e .  
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r CENTERLINE OF WELD 
X THERMITE HISTORY 
CAUSING WELD DECAY 
Source: Fontana, Mars, G.,  The Ohio S t a t e  Un ivers i ty ,  Columbus, Ohio. 
FIGURE A-16 ANALOGY OF HEAT FLOW AND TEMPERATURES DURING WELDING 
Appendix B 
GENERAL DESCRIPTIONS OF 
SELECTED RAPID TRANSIT PROPERTIES 
PRECEDING PAGE BLANK NOT. FILMED 
CHICAGO TRANSIT AUTHORITY 
The Chicago Transit Authority (CTA) rapid transit system serves a 
population of 3,694,500 in the city of Chicago and 38 surrounding 
suburbs. The 6 router 2onsist of 192 mi of track: 20 mi in subway, 11 
mi at grade (with street crossings), 84 mi of elevated structure, 32 mi 
on elevated embankment, 2 mi of below-grade open cut, and 43 mi on 
expressway median. The system is accessed by means of 140 stations. 
Plans for expansion of the system include an 8-mi extension linking 
O'Hare Airport with the downtown area. This two-track line, which 
should be opera~le by late 1982, is located in the median strips of an 
expressway and the airport access road and includes a 3,500-ft tunnel. 
The 600 V of direct current are converted from 1200 V of alternating 
current. The traction power is-ungrounded. Substations are located at 
about 2-mi intervals, with crossbonds at 1,000-ft intervals. 
The CTA has a fleet of 1,100 rapid transit cars. Some of the cars are 
aluminum, and some (the newer ones) are stainless steel. Delivery of an 
additional 300 new cars is expected by 1984. 
PRECEDING PAGE BLANK NOT FILMED 
GREATER CLEVELAND REGIONAL TRANSIT AUTHORITY 
The G r e a t e r  Cleveland Regional  T r a n s i t  A u t h o r i t y  (GCKTA) became 
u p e r a t i o n a l  i n  1975 i n  o r d e r  t o  combine t h e  bus  network and r a i l  l i n e  of 
t h e  Cleveland T r a n s i t  System wi th  t h e  l i g h t  r a i l  l i n e s  of  t h e  c i t y  o f  
Shaker Heights .  The GCRTA's h igh-pla t form o r  heavy- ra i l  r a p i d  l i n e  
c o n s i s t s  of  a s i n g l e  r o u t e  t h a t  ex t ends  20 m i l e s ,  13.2 m i  o f  which are 
i g h t  ra i l .  The double- t rack  system g e n e r a l l y  p a r a l l e l s  r a i l r o a d  
-ights-of-way and t h u s  bypasses  most o f  t h e  h e a v i e r  p o p u l a t i o n  c e n t e r s .  
'he system h a s  6 m i  o f  l i g h t  r a i l  grade-separa ted  t r a c k  l o c a t e d  i n  a 
nedian s t r i p .  An 0.7-mi subway s e c t i o n  was c o n s t r u c t e d  by t h e  
cut-and-cover method. 
The l i n e r s  of  t h e  tunne l  i n  t h e  subway s e c t i o n s  a r e  conc re t e .  There are 
r ro e l e v a t e d  s e c t  i o n s  p e r  s e  . Raised embankments a r e  i n t e r s p e r s e d  
throughout  t h e  a t -g rade  s e c t i o n s .  
The system h a s  no t h i r d  r a i l .  The 600 V of d i r e c t  c u r r e n t  are con ta ined  
i n  an overhead c a t e n a r y .  
The sys tem has  85 steel c a r s  and 30 s t a i n l e s s - s t e e l  c a r s .  Each c a r  h a s  
f o u r  100-hp motors .  
MASSACHUSETTS BAY TRANSPORTATION AUTHORITY 
The Massachusetts Bay Transportat ion Authority (MBTA) manages a rapid 
transit system consisting of approximately 94 mi of track connecting 78 
stations in the Eoston area. The system has 18.6 mi of subway track; 75 
mi are elevated or at ground level. One section of the elevated system 
is currently being replaced by an at-grade track; construction of this 
section should be completed by 1985. The system serves a population of 
about 2,800,000. The traction power system is grounded on the old 
system and ungrounded on the new extensions. The nominal traction power 
is 600 V of direct current. 
The MBTA operates 358 rapid transit cars, of which 130 are light rail. 
Weathering steel and aluminum have been used extensively for car bodies. 
MASS TRANSIT ADMINISTRATION OF MARYLAND 
The Mass T r a n s i t  A d m i n i s t r a t i o n  (MTA) o f  t h e  Maryland Department  o f  
T r a n s p o r t a t i o n  is  b u i l d i n g  t h e  B a l t i m o r e  Region Rapid T r a n s i t  System. 
The 13.6-mi B a l t i m o r e  Metro w i l l  s e r v i c e  a  d e n s e  p u b l i c  t r a n s p o r t a t i o n  
c o r r i d o r  from t h e  c e n t e r  o f  t h e  c i t y  t o  t h e  n o r t h w e s t  s u b u r b s  o f  t h e  
c o u n t y .  An e s t i m a t e d  100 ,000  p e o p l e  w i t h i n  a  150 s q  mi  a r e a  w i l l  b e  
s e r v e d .  A s  o f  t h e  end of  1981,  c o n s t r u c t i o n  was 87% c o m p l e t e  f o r  t h e  
c i t y  p o r t i o n  ( 7 . 5  m i ) ,  and d e s i g n  was 70% c o m p l e t e  f o r  t h e  c o u n t y  
p o r t i o n  ( 6 . 1  mi ) .  The s y s t e m  w i l l  have  4.2 m i  o f  subway t u n n e l s ,  6 .4  m i  
o f  t r a c k  a t  g r a d e ,  and 3.0  mi o f  e l e v a t e d  s t r u c t u r e .  T h e r e  w i l l  b e  1 2  
s u b s t a t i o n s .  
The p a r a l l e l  t u n n e l  p o r t i o n s  i n c l u d e  cut-and-cover  a r e a s ,  a s  w e l l  a s  
s h i e l d - d r i v e n  t u n n e l  a r e a s .  S t e e l  b r a c i n g  beams and a c o n c r e t e  box fo rm 
t h e  f rame of  t h e  subway. 
The t r a c t i o n  power s y s t e m  is  ungrounded.  N e g a t i v e  power i s  r e t u r n e d  
t h r o u g h  c o n t i n u o u s l y  welded r u n n i n g  r a i l s ,  w i t h  c r o s s b o n d s  a t  2 , 0 0 0 - f t  
i n t e r v a l s .  
C a r s  w i l l  o p e r a t e  o n  650  V ( f u l l  l o a d )  o f  d i r e c t  c u r r e n t  power ,  and 
r e g e n e r a t i v e  b r a k e s  w i l l  f e e d  e n e r g y  back  i n t o  t h e  t h i r d  r a i l .  The 
s y s t e m ' s  100 c a r s  w i l l  b: u n p a i n t e d ,  c o r r u g a t e d  s t a i n l e s s  steel  w i t h  
f i b e r  g l a s s  f r o n t  e n d s .  
METROPOLITAN ATLANTA RAPID TRANSIT AUTHORITY 
The M e t r o p o l i t a n  A t l a n t a  Rapid T r a n s i t  A u t h o r i t y  (MARTA) s y s t e m  is 
d e s i g n e d  t o  s e r v e  t h e  c i t y ' s  a p p r o x i m a t e l y  1 , 7 0 0 , 0 0 0  p e o p l e .  A 
r e f e r e n d u m  i n  1971 approved  c o n s t r u c t i o n  o f  a  53-mi s y s t e m  w i t h i n  t h e  
c i t y  of A t l a n t a ,  F u l t o n  County,  and DeKalb County;  o t h e r  c o u n t i e s  have  
t h e  o p t i o n  t o  j o i n  MARTA i n  t h e  f u t u r e .  The s y s t e m  w i l l  p r o v i d e  s e r v i c e  
t o  a  number o f  i n c o r p o r a t e d  communi t i es  w i t h i n  t h e  m e t r o p o l i t a n  a r e a  and 
t o  t h e  A t l a n t a  a i r p o r t .  The f i r s t  s e c t i o n  o f  t h e  system--7 m i  i n  l e n g t h  
--opened i n  mid-1979. The e n t i r e  MARTA s y s t e m  is s c h e d u l e d  f o r  
c o m p l e t i o n  by t h e  end o f  t h i s  decade .  
As o f  t h e  end  o f  1981, c o n s t r u c t i o n  o f  4.5 mi o f  subway, 5.6 m i  o f  
a t - g r a d e  t r a c k ,  and 3.6 m i  o f  e l e v a t e d  s t r u c t u r e  had been c o m p l e t e d .  
About one-ha l f  t h e  38 s t a t i o n s  p l a n n e d  had b e e n  comple ted  GI were 
n e a r i n g  c o m p l e t i o n .  
To r o u t e  t h e  s y s t e m  t h r o u g h  downtown A t l a n t a  and D e c a t u r ,  deep-rock 
t u n n e l  c o n s t r u c t  i o n  is  r e q u i r e d .  I n  s o f  t -ground t u n n e l  s e c t  i o n s ,  r i g i d  
s teel  l i n e r s  a r e  b e i n g  used  ( i n  t h e  s u b d r a i n  s y s t e m )  t o  min imize  
s i l t a t i o n .  
Running r a i l  is  i n s t a l l e d  i n  c o n t i n u o u s l y  welded 114 m i  s e c t i o n s .  The 
750-V ( d i r e c t  c u r r e n t )  c o n t a c t  r a i l  i s  a l s o  c o n t i n u o u s l y  welded ,  b u t  i n  
s h o r t e r  s e c t i o n s .  The t r a c t i o n  power s y s t e m  is ungrounded.  
The MARTA s y s t e m ' s  120 c a r s  a r e  f a b r i c a t e d  from machine-welded aluminum 
e x t r u s i o n s .  Each c a r  i s  powered by f o u r  s e p a r a t e  m o t o r s  i n  p a r a l l e l  
s i n g l e - r e d u c t  i o n  g e a r i n g .  The m o t o r s  a r e  r e g u l a t e d  t h r o u g h  a  
r e g e n e r a t i v e  t h y r i s t o r  c h o p p e r  c o n t r o l .  
METKOPOLI'TAN DADE COUNTY OFFICE OF TRANSPORTATION ADMINISTRATION 
The Metropolitan Dade County Office of Transportation Administration 
(OTA) began construction on Miami's Stage 1 Metrorail transit line in 
mid-1979 to serve the county's approximately 1,700,300 inhabitants 
within a 2,460 square mile area. The 22-mi, 20 station line is expected 
to open in 1984 . A portion of the Stage 2 Metrorail alignment is 
located on a 9.5-mi right-of-way purchased from the Florida East Coast 
Railway; the remainder of the system follows existing streets. Most of 
the line, with the exception of two short at-grade sections totaling 1.5 
mi, is being constructed on an aerial guideway. The high water table 
made subway construct ion hfeasible .  
Double-T girders of pretensioned, precast concrete are being usee for 
spans of 40-80 ft. For spans as long as 110 it, prestressed, precast 
concrete box girder sections are being used. The track will be 
continuously welded. For tangent track or long radius curves, a 
standard control-cooled carbon-s tee1 rail will be used; however, a 
high-performance chromium alloy rail has been selected for high-rate 
braking points. 
The 700-V direct current power supply will entail a composite third 
rail. Traction will be supplied from 18 transformer-rectifier 
substations. The traction power system is ungrounded. 
The system will have a total of 136 cars. Car bodies will be 
constructed of stainless steel in a flat-sided design. 
New Y o r k ' s  t r a n s i t  s y s t e m ,  o p e r a t e d  by t h e  New York C i t y  T r a n s i t  
A u t h o r i t y  (NYCTA) , began  s e r v i c e  i n  1904. The newes t  c o m p l e t e d  s e c t i o n  
was c o n s t r u c t e d  i n  t h e  l a t e  1920s  and  t h e  e a r l y  1930s .  However, 
c o n s t r u c t i o n  began  a g a i n  i n  t h e  l a t e  1970s.  The s y s t e m ' s  830 m i  o f  
subway t r a c k ,  4 1 5  m i  o f  a t - g r a d e  t r a c k ,  and 415 m i  o f  e l e v a t e d  s t r u c t u r e  
a r e  s e r v e d  by 750 s t a t i o n s .  NYCTA o p e r a t e s  w i t h i n  f o u r  b o r o u g h s  and i s  
u s e d  by 3.5 m i l l i o n  p a s s e n g e r s  p e r  day.  (The e x t e n d z d  s y s t e m  w i l l  
i n c r e a s e  t h e s e  numbers.  ) 
Because  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  a r e a ,  b o t h  r o c k  and s o f t  g round  
t u n n e l s  h a v e  been  b u i l t .  The s y s t e m  c o n t a i n s  t h e  f i r s t  c o n c r e t e  
s e g m e n t a l  t u n n e l  t o  5e c o n s t r u c t e d  on  any U. S. r a p i d  t r a n s i t  sys tem.  
Many of  t h e  s t reet  t u n n e l s  a r e  c a s t  i r o n  o r  steel  t u b e s ,  e i t h e r  
s h i e l d - d r i v e n  o r  e n c a s e d  i n  c o n c r e t e .  
The t h i r d  r a i l  p r o v i d e s  600 V o f  d i r e c t  c u r r e n t .  The t r a c t i o n  power 
s y s t e m  i s  ungrounded.  NYCTA u s e s  a v a r i e t v  o f  t e c h n i q u e s  t o  c o n t r o l  
n e g a t i v e  power r e t u r n .  011 some s e c t i o n s ,  t h e  r u n n i n g  r a i l s  a r e  
used--most o f t e n  a s i n g l e  t r a c k  c i r c u i t ;  however ,  i n  c e r t a i n  p l a c e s ,  
d o u b l e  r a i l  t r a c k  c i r c u i t s  r e t u r n  t h e  n e g a t i v e  power. 
T h e r e  a r e  6301) c a r s ,  o f  which a b o u t  4740  a r e  o p e r a t i o n a l  a t  one  t ime .  
The newes t  c a r s  o p e r a t e  o n  a n  a i r - s p r i n g  s u s p e n s i o n  s y s t e m  r a t h e r  t h a n  
s t e e l  c o i l  s p r i n g s .  Each c a r  h a s  f o u r  100- o r  115-hp m o t o r s .  
PORT AUTHORI'IY TRANS-HUDS9N CORPOKATION 
The Port Authority Trans-Hudson Corporation (PATH) l ine  serves the N e w  
York-New Jersey metropolitan area with an approximate population of ' 
million people. Daily r idership on the system i s  about 170,000 parsons, 
most of which i s  represented by the New Jersey community of commuters. 
PATH has 15 m i  of subway track and 12.8 m i  of at-grade track. There are  
L3 s ta t ions .  PATH has 201 cars .  
The  t r a c t  i 0:) power sys tem i s  ungrounded, The nominal t rac  t ion power 
voltage is 600 V of d i r ec t  current.  
PORT AUTHORITY TRANS IT CORPORAT ION 
The P o r t  A u t h o r i t y  T r a n s i t  Corpo ra t ion  (PATCO) l i n e  r u n s  from t h e  
suburban  conmunity o f  Lindenwold, New J e r s e y  t o  t h e  c e n t e r  of  
P h i l a d e l p h i a .  Popu la t i on  d e n s i t y  v a r i e s  a l o n g  t h e  1S.5-mi double  t r a c k  
l i n e  t h a t  connec t s  suburbs ,  t h e  i n n e r  c i t y ,  and t h e  downtown b u s i n e s s  
d i s t r i c t .  (The e n t i r e  r e g i o n  has  a  p o p u l a t i o n  o f  4.5 m i l l i o n  peop le . )  
The sys tem c o n s i s t s  o f :  2.4 m i  o f  subway, 1 m i  a t  g r a d e ,  10.1 m i  o f  
e l e v a t e d  ( 1  m i  o f  v i a d u c t ,  1 .5  m i  o n  suspens ion  b r i d g e ,  ana 1.6 m i  on  
e l e v a t e d  f i l l ) ,  and 1 m i  o f  open t o p  t r e n c h  c o n s t r u c t i o n  below g rade .  
The sys tem s e r v e s  1 3  s t a t i o n s  and h a s  121 r a p i d  l r a n s i t  c a r s .  
Nominal t r a c t i o n  power v o l t a g e  is  700 V. The t r a c t i o n  power sys tem i s  
ungrounded. 
SAN FRANCISCO BAY AREA RAPID TRANSIT DISTRICT 
Bay Area Rapid T r a n s i t  (BART) c o n s t r u c t i o n  began  i n  t h e  San F r a n c i s c o  
a r e a  i n  1964 and was comple ted  i n  1973. BART s t r e t c h e s  a  t o t a l  o f  71 
miles and h a s  34 s t a t i o n s .  Of t h e  t o t a l  r o u t e  m i l e a g e ,  20 miles a r e  
subway and t u n n e l ,  24 miles are e l e v a t e d ,  and 27 m i l e s  a r e  a t  g r a d e  
l e v e l ,  The s y s t e m  s e r v e s  Alameda, C o a t r a  C o s t a ,  and San  F r a n c i s c o  
c o u n t i e s  w i t h  a n  a r e a  o f  1 , 5 1 2  s q u a r e  m i l e s  and a p o ~ u l ~ t i o n  of 
2 ,441 ,600  i n  1980. 
The t r a n s b a y  t u b e  between Oakland and San F r a n c i s c o  i s  a  ..:.- -bore  
c o n c r e t e  and s t e e l  s t r u c t u r e  b u r i e d  i n  a  t r e n c h  75-135 f t  L C  ~w San 
F r a n c s i c o  Bay. To p r e v e n t  c o r r o s i o n  o f  t h e  s teel  s k i n  a; ile -ube f rom 
s a l t w a t e r  e l e c t r o l y s i s ,  t h e  t u b e  h a s  a  c a t h o d i c  p r o t e c t i o , .  a y s t e m  
u t i l i z i n g  impressed  c u r r e n t  a n o d e s  p l a c e d  a b o u t  250 f t  a p a r t  o n  b o t h  
s i d e s  o f  t h e  t u b e .  
The BART s y s t e m  h a s  439 c a r s .  Al though  a l l  t h e  c a r s  have  aluminum 
b o d i e s ,  some ( t h e  " lead"  c a r s )  have  f i b e r  g l a s s  c a b s .  The c a r s  are 
p r o p e l l e d  by one  150-hp motor  p e r  a x l e  and e a c h  c a r  h a s  f o u r  motors .  
The power i a  t h e  t h i r d  r a i l  is 1000 V o f  d i r e c t  c u r r e n t .  
L i k e  many o t h e r  d i r e c t  c u r r e n t  t r a c t i o n  s y s t e m s ,  BART u s e s  c o n t i n u o u s l y  
welded and bonded s t ee l  r u n n i n g  r a i l s  f o r  n e g a t i v e  c u r r e n t  r e t u r n .  The 
t r a c t i o n  power s y s t e m  i s  d iode-grounded .  
The rapid transit system of the Southeastern Pennsylvania Transportation 
At thority (SEPTA) opzrates almost entirely within the Philadelphia city 
limits--two stations on the Market Street Elevated line are outside the 
limits. The system's 55 stations serve 15.1 mi of su5way track and 9.5 
mi of ele--3ted track. In subway sections, the concrete tunnel liners 
were cast-in-place. The elevated deckc are concrets w ~ r h  steelliron 
piiiars. 
SOUTHEASTERN PENNSYLVANIA TRANSPORTATION AUTHORITY 
Nominal traction power voltage is grounded for 13.1 mi and ank..ounded 
for 11.5 mi. There are approximately 2,460 cars on the SEPTA system. 
WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY 
The Wastrington Metropoli tan Area T r a n s i t  Authori ty (WMATA) rap id  t r a n s i t  
system opened i n  1976. The system s e r v i c e s  the Washington Metropol i tan  
Area t h a t  c o n s i s t s  of the  D i s t r i c t  of  Columbia and the c o u n t i e s  of 
Montgomery and Pr ince  George's i n  Maryland and the  c i t i e s  of Alexandria 
and F a l l s  Church i n  Virginia .  I n  1980, t h e  a r e a  had a popula t icn  of  
2,763,400 pe Sgle. The 101-mi METRO system is  expected t o  be completed 
+ by the  end of 1990. 
Approximately 48 m i  of the  t , -ack (and 49 s t a t i o n s )  w i l l  be underground; 
44 mi les  (and 33 s t a t i o n s )  w i l l  be st grade,  and 9 m i  of t h e  t r a c k  (and 
. , 4 s t a t i o n s )  w i l l  be e levated.  Tt.e t r a c t i o n  power system i s  ungrounded. 
Tho completed system w i l l  have 740 c a r s ;  i n  l a t e  1981, 294 c a r s  (a11 
aluminum) were opera t ing .  Each c a r  has four  150-hp motors drawing 1100 
amp a t  750 V of d i r e c t  c u r r e n t .  
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Appendix C 
CORROSION COORDINATING COMMITTEES 
Corrosion coordinating comittees exist in most of the urban areas of 
the United States. They are sometimes called committees on corrosion or 
electrolysis committees. Consisting of representatives of utility 
companies, rapid transit authorities, pipeline companies, and others who 
own and operate underground structures, the comittees serve as clearing 
houses for infonuation on corrosion control. They are particularly 
useful in providing information on cathodic protection and other causes 
of stray current. Tests are arranged, and stray current problems are 
studied and frequently solved through the cooperation of c o m i  t tee 
members. 
It is essential that rapid transit authorities have a represeatative on 
the local corrosion coordinating conanittee. Close liaison between 
utllity and transit engineers is necessary to foster good relations. On 
older transit systGms where many stray current problems exist, transit 
engineers can assist utility personnel in locating, testing, and 
frequently in solving these prob1.m~. On new systems, or on extensions 
to older systems, the transit lines are frequently constructed in areas 
where there have been no stray current problems for many years. Through 
the corrosion coordinating committee, the utility companies can be 
informed of the transit authority's plans for stray current control. 
The comittees represent an excellent forum through whrch to obtain the 
good will and assistance of the utility companies. 
The following is a list of corrosiort coordinating committees that are 
affiliated with the National Association of Corrosion Engineers. 
FSECEDING PAGE MOT RLMED 
CORROSION COORDINATING COMMITTEES 
* 
NAC E 
Des.ignat ion  
T-108-1.1 Southern Flor ida Corrosion Coordinat ing Commit t e e  
Chairman unassigned 
Western N e w  York S t a t e  Corrosion Committee 
P . F. Hammcnd , Chairman 
Rochester Gas & E l e c t r i c  Company ( 7 16) 5 46-2 700 
89 East Avenue 
Rochester, NY 14649 
Kentucky Corrosion Coordinating Committee 
Terry Hendricks, Chairman 
Ashland Pipe Company 
R . R . l  Pleasant Valley 
Owensboro , KY 42 301 
San Francisco Bay Corrosion Committee 
Galen Sarno, Chairman (415) 558-4986 
San Francisco Publ ic  Uti l i t ies  Commission 
693 Vermont S t r e e t  
San Francsico, CA 94107 
I l l i no i s -S t .  Louis Committee on Underground Corrosion 
D. R. Sp i tzer ,  Chairman 
I l l i n o i s  Power Company 
500 South 27th S t r e e t  
Decatur, I L  62525 
Indiana Corrosion Society 
T. A. Widin, Chairman 
Sohio P ipe l ine  Company 
P.O. Box 189 
Vandalia, OH 45377 
* 
National Association of Corrosion Engineers 
NACE 
D e s i g n a t i ~ n  
-- 
T-108-1.7 Chicago Area J o i n t  E l ec t ro ly s i s  Committee 
Bruno Leginski, Chairman 
Con Edison Company 
1319 F i r s t  Avenue 
Maywook, IL 60153 
West Vi rg in ia ' s  Corrosion Control Coordinating 
Committee 
W i l l i a m  R. Sco t t ,  Chairman (412 j 832-0294 
Western Pennsylvania Corrosion Control Committee 
Tom Masterson, Chairman 
B e l l  of Pennsylvania 
201 Stanwix S t r ee t  
P i t t sburgh ,  PA 15222 
NOT ASSIGNED 
Milwaukee Area Corrosion Commit tee 
D. R. Grayson, Chairman 
Wisconsin Gas Company 
626 E. Wisconsin Avenue 
Milwaukee, W I  53202 
New Je rsey  Committee on Corrosion 
Jack Sharp, Chairman 
Elizabethtown Gas Company 
No. 1 Elizabethtown Plaza 
El izabeth,  NJ 07202 
Southern Cal i forn ia  Cathodic Pro tec t ion  Committee 
Wi l l ian  G o i n ~ s ,  .ir. . Chairwan 
Southern Cal i forn ia  Edison Company (213) 572-2674 
2244 Walnut Grove Avenue 
Rosemead, CA 91770 
Wyoming Undergrcund Corrosion Committee 
Gregorj Bloom, Chairman 
Northern U t i l i t i e s ,  Inc.  
P.O. Box 2800 
Casper, Wy 82601 
Southern Idaho-Eastern Oregon Underground Corrosion 
Commit t e e  
Eldon Book, Chairman 
Intermountain Gas Indus t r i e s  Inc. (208) 467-7491 
2921 Caldwell Boulevard 
Nampa, I D  83605 
NAC F 
Desig~ia t  ion  
- 
T-108-1.16 San Francisco Bay Corrosion Committee 
Don N .  M i l l e r ,  Chairman 
Southern P a c i f i c  Pipe Lines Inc.  (213) 629-6697 
610 S. Ma{-n S t r e e t  
Los Angeles, C A  90014 
Cen t ra l  Ohio Committee on Corrosion 
Toni I:i she r  , Chairman 
Columbia Gas o f  Ohio 
210 Highland Avenue 
Cambridge. OH 43725 
E l  Paso Area Corros ion C o r r e l a t i n g  Committee 
W. .I. P le is ter ,  Chairman 
P.O. Box 20002 
E l  Paso, TS 79998 
Toledo and Northwestern Ohio Committee on Corros ion 
Warren Bib le ,  Chal m a n  
Buckeye P i p e l i n e  Company 
Drawer R 
Lima, OH 45802 
Eastern  Ohio Committee on Corrosion 
A.  E. Hulek, Jr . ,  Chairman 
The East Ohio Cas Company 
1201 E. 55th  S t r e e t  
Cleveland,  OH 44103 
Eastern  New York S t a t e  Committee on Corrosion 
B. P. S t r i n i ,  Chairman 
158 S t a t e  S t r e e t ,  Room 107P 
Albany. NY 12201 
Eastern Pennsylvania Corrosion Committee 
David ;'.rause, Chairmln 
Buckeye P i p e l i n e  Company 
Emniaus, PA 18049 
Eastern  Elontreal E l e c t r o l y s i s  Committee 
E. Zakaib, Chairman 
Pet  r o E ino  Canada (514) 645-9221 
P.0. Box 50 
Pointe-sux-Trembles H 1 B  5K2 
The Socie ty  i n  Onta r io  f o r  C o n t r o l l i n g  E l e c t r o l y s i s  
B.  F. Cammaart, Chairman 
Ilnion Cas I.td. 
50 R e i l  Drive North 
Chathnm, Onta r io  N 7 M  5EU 
NACE 
Designation 
T-108-1.25 Greater New York Committee on Corrosion 
Thomas Naples, Chairman 
Brooklyn Union Gaa (212) 643-2000 
2071 Clove Road (Brooklyn, General Off ices)  
Staton Is land ,  NY 10301 
Central  Cal i forn ia  Cathodic Protect ion Committee 
Stefan Zel lner ,  Secretary 
Cetty O i l  Company 
P.O. Box 5237 
Bakersf ield,  CA 93301 
Eastern Ohio Corrosion Committee 
Ronald Revlock, Cllairman 
East Ohio Gas Company 
1020 ;;: Market Avenue 
Canton, OH 44702 
Northwest E lec t ro lys i s  Coordinating Committee 
Joseph Smart, Chairman 
El Paso Natural Gas Company 
2710 N. E. 78th S t r ee t  
Vancouver, WA 98665 
Souttlwest B r i t i s h  Columbia Coordinating Committee 
A. L. Verheil, Chairman 
400 E. Broadway 
Vancouver, B r i t i s h  Columbia 
Michigan E lec t ro lys i s  Committee 
Richard Colgen , Chairman (517) 788-0277 
212 W. Michigan Avenue 
Jacksoit, M I  49201 
South Louisiana Corrosion Coordinating Committee 
Robert Niebling, J r . ,  Chairman 
Elarathon Pipe l i n e  Company (713) 629-0000 
P.a. Box 3128 
Houston, TX 77056 
Philadelphia E lec t ro lys i s  Committee 
George LeQuier , Chairmen 
2301 Market S t r ee t  
Phi ladelphia ,  PA 19101 
OKLA-ARK-LA-TEX Corrosion Committee 
G. D. Taylor, Chairman 
P . O .  Box 3610 
Shreveport, LA 71103 
NACE 
Designat ion  
T-108-1.34 Massachusetts Committee on Corrosion 
C u r t i s  Blake,  Jr. , Chairman 
Commonwealth Gas Company (617) 481-7900 
157 Cordavi l le  Road 
Southboro, MA 01772 
Omaha and Council  B l u f f s  E l e c t r o l y s i s  Committee 
R. I. A l l b r i g h t ,  Chairman 
Omaha Publ ic  Power D i s t r i c t  (402) 554-1900 
1623 Harney S t r e e t  
Omaha, NE 68102 
Cent ra l  Maryland Underground Corrosion Committee 
A. A. Thue, Chairman (202) 637-1359 
Washington Metropoli tan Area T r a n s i t  Author i ty  
60(1 5 t h  S t r e e t ,  NW 
Washington, DC 20001 
Alabama Corrosion Coordinating Committee 
Corrosion Subcommittee (H.  L. W i l i s  Induct ion 
Coordinat ing Committee) 
Pennon Lockhard, Chairman (404) 391-2271 
100 Per imeter  Center Parkway, Room 258 
At lan ta ,  GA 30346 
Southern Nevada Cathodic P r o t e c t i o n  Committee 
Michael Re ago, Chairman 
Las 'degas Valley Water D i s t r i c t  (702) 870-2011 
Box 4427 
Las Vegas, NV 89153 
Province of Quebec E l e c t r o l y s i s  Committee 
E. J .  Zakaib, Chairman 
Pe t ro f  i n a  Canada 
P.O. Box 50 
Pointe-aux-Trembles H 1 B  5K2 
Arizona Corrosion C o r r e l a t i n g  Committee 
John Brodar , Chairman 
S a l t  River Pro jec t  
P.O. Box 1980 
Phoenix, AZ 85001 
Chicago Regional Committee on Underground Corrosion 
Robert Young, Chairman 
Natural  Gas P i p e l i n e  Company (217) 262-3298 
Box 157 
Hammond, IL 61929 
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. - SPECIFICATIONS AN PRODUCT INFORMATION i I ! ! Sp i i f r , ca t i on  b r i e f s  and product nformation contained i n  Appendix D i are! as fnl 1 q s  : I 
! 0 .  
j hi 1 ittary Spec i f i ca t ion  MIL-~-8$286~, "Coating, Urethane, ~l i p h a t i c  
3so anate, f o r  Aerospace Appl j c a t i  ons. ! !  . y '  
. . 
! I F(i 1 i&ary Speci f icat ion D O D - ~ - 2 ) 2 3 6 ~ ( ~ ~ ) ,  "Paint Coating Systems, ptee'l Ship Tank, Fuel and Sal t ;  Water Ba l las t .  " (Formerly MIL-P- 
1' ?32* (Ships)) 
' . 
1 
' ! .  I hi 1 i l tary Speci f icat ion MIL-P-2337D, (superseding MIL-P-23377C), 
?Pri r Coatings: Epoxy--Polyamide, Chemical and Solvent Resistant. " . y l  1 i" 
, k i  1 <tary Specif icat ion MIL-S-8173?C, "Seal i ng and Coating Compound, 
. ~ o r d o s i o n  I n h i b i t i v e .  " z 
1 i (  
r 7 r Mtn speciPrcatlani6t'=SD--C- ot, ~ w r m s ~ - t a m r u l ~ e t ~  -- -- 
Strdctures and Ground quipment, Standard for . "  
. 
I i d  I 




; ! TO bb td in  complete m i l i t a r y  speci b icat ions,  the  reader should contact: 
I ! i i  I ! i  i Comnandi ng Of f icer  
i I Naval ~ u b l i c a t i o n s  and Form Center 1 .  . . 5801 Tab'r Avenue 
I i I  1 .  ~ h i l a d e l l h i a ,  PA 19120 
1 I I ! : . Global E ~ y i n e e r i  ng Documen t d t i  on Servi ces I 
I * 
, 2625 Hic ory  Street  
i I  i f  Santa An ! ,, CA 92707 1 
, . . . 
! I  i t  i I 
I 
' To b b t  i n  complete NASA/KSC speci i i ca t i ons ,  the reader should contact: 
1 1 :  4 
. 
' 1  KSC ~i bitdry f ,  p 7 - + - ~ - - - - - - -  Specif i cd t ions  & Standards 
mrjsr-sy------------- --- 
i .  : D 
. .  Kennedy fpace Center, FL 32899 
" I  i i I 
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MIL-C-83286B (USAF) 
5 October 1973 
SUPERSEDING 
MIL-C-83286A (USAF) 
20 June 1973 
MIL-C-38412 (USAF) 
3 October 1966 
MILITARY SPECIFICATION 
COATING, URETHANE, ALIPHATIC ISOCYANATE, 
FOR AEROSPACE APPLICATIONS 
* 1. SCOPE 
1.1 Scope. Th i s  s p e c i f i c a t i o n  e s t a b l i s h e s  requirements  f o r  two 
component a l i p h a t i c  i socyana te  based oj.1 f r e e  u re thane  c o a t i n g  m a t e r i a l s  
s u i t a b l e  f o r  e x t e r i o r  a p p l i c a t i o n  on aerospace  equipment. The type I 
and type  I1 c o a t i n g s  a r e  s u i t a b l e  f o r  use  under l o c a l  AIR POLLUTION 
CONTROL REGULATIONS. 
* 1 . 2  C l a s s i f i c a t i o n  
1 .2 .1  Components. The a l i p h a t i c  u re thane  c o a t i n g  s h a l l  c o n s i s t  of t h e  
fo l lowing components , a s  spec  i f  i e d  : ( s e e  3.2) . 
Component I - s h a l l  c o n s i s t  of pigmenred p o l y e s t e r  r e s i n .  
Component I1 - s h a l l  c o n s i s t  of c l e a r  a l i p h a t i c  i socyana te .  
1.2.2 Types. The c o a t i n g  m a t e r i a l  s h a l l  be  f u r n i s h e d ,  a s  s p e c i f i e d :  
Type I - s u i t a b l e  f o r  a p p l i c a t i o n  by convent ional  p ressur ized  
a i r  spray techniques .  
Type I1 - s u i t a b l e  f o r  a p p l i c a t i o n  by unheated,  a i r l e s s  spray 
techniques .  
1 . 3  Colors .  The c o a t i n g  s h a l l  be fu rn i shed  i n  any c o l o r  and g l o s s  
range,  a s  des igna ted  i n  FED-STD-595. Limited s p e c i a l  c o l o r s  s h a l l  be 
fu rn i shed ,  a s  s p e c i f i e d  by t h e  p rocur ing  a c t i v i t y .  Following is a  list 
of c o l o r s  most f r e q u e n t l y  requ i red .  
FSC 8010 
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SUPERSEDING 
MIL-P- 2 32 36 (SHIPS) 
28 June 1962 
(Sec 6.6 and 6.7) 
MILITARY SPECIFICATION 
PAINT COATING SYSTEMS, STEEL SHIP TANK, 
FUEL AND SALT WATER BALLAST (METRIC) 
This s p e c i f i c a t i o n  is approved f o r  use by the  Naval Sea Systems 
Conmnd, Department of t he  Navy, and is ava i l ab l e  f o r  use by 
211 Departments and Agencies of the  Department of Defense. 
1. SCOPE 
1.1 Scope. This s p e c i f i c a t i o n  covers paint  coat ing systems f o r  
app l i ca t i on  on steel sur faces  subjected t o  f u e l  and s a l t  water,  such a s  
i n  shipboard f u e l  and s a l t  water b a l l a s t  tanks. 
1.2 C la s s i f i ca t i on .  Coating systems s h a l l  be of t h e  following 
types and c l a s se s ,  a s  spec i f i ed  ( see  6.2.1). 
Type I - General use. 
Type I11 - Limited solvent  content ( fo r  use where a i r  
po l lu t i on  regula t ions  apply).  
Class 1 - Epoxy 
Class 2 - Coal tar-epoxy (not f o r  f u e l  tanks) 
Class 3 - S i l i c a t e ,  phosphate, o r  s i l i c o n e  z inc  
Class 4 - Urethane 
2. APPLICABLE DOCUMENTS 
2.1 I ssues  of documents. The following documents, of t he  i s sue  
i n  e f f e c t  on d a t e  of i n v i t a t i o n  f o r  bit!. o r  request  f o r  proposal,  form 
a pa r t  of t h i s  spec i f i ca t i on  t o  t h e  ex tzn t  spec i f ied  herein.  
SPECIFICATIONS 
FEDERAL 
TT-N-95 - Naptha, Al ipha t ic .  
TT-T-548 - Toluene, Technical. 
TT-X-916 - Xylene (For Use i n  Organic Coatings).  
PPP-P-1892 - Pa in t ,  Varnish, T,e~:quer, and Related 
Mater ia ls :  Packaging, Packing, and 
Marking of .  
MILITARY 
MIL-G-5572 - Gasoline, Aviation: Grades 80187, 1001130, 
1151145. 
MIL-T-5624 - Turbine Fuel,  Aviation, Grades JP-4 and JP-5. 
MIL-1-45208 - Inspect ion System Requirements 
PSC 8030 
125 
ORIGINAL PAGE l!S 
OF POOR QUALITY 
MIL-P-23337i 
26 August 1969 
(See 6.6) 
MILITARY SPECIFICATION 
PRIMER COATINGS: EPOXY-POLIAMIDE, CHEMICAL AND SOLVENT RESISTANT 
This specification is approved for use by all Departments 
and Aaencies of the Department of Defense 
1. SCOPE 
1.1 Scope. This specification covers the requirewents for 
two-component, epoxy-polyamide, chemical and solvent resistant techniques. 
They shall be compatible with aliphatic polyurethane topcoats and shall 
be suitabie for use under Air Follution Regulations. 
1.2 Classification. The epoxy-polyamide primer coatings shall 
be furnished iu the following types as specified (see 6.5) : 
Type I Standard 
Type I1 Low Infrared Reflective (IR) 
1.2.1 Components. The epoxy-polyamide primer coatings shall 
be of the following components as specified (see 3.4): 
Component A -Shall consist of the epoxy resin and shall 
contain all of the pigments and corrosion 
inhibitors. 
Component B -Shall consist of the clear polyamide resin. 
FSC 8010 
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MIL-S-817331B(M) 
7 June 1976 
MILITARY SPECIFICATION 
SEALING AND COATING COHPOUHD, CORROSION INHIBITIVE 
This specification. is approved f o r  use by a l l  
Departments and Agencies of the  Departsent of 
Def enst .  
1. SCOPE' 
1.1 Scope. Tkis spec i f ica t ion  covers accelerated, room 
temperature curing synthetic rubber compo:mds used i n  the  s...aling and 
coating of metal components on weapoGs and a i r c r a f t  systems fo r  protection 
against  corrosion. The sealant  is e f f e c t i v e  over a con t i~uous  ascrat ing 
temperature rangt of -54O t o  +93OC (-6S0 t o  +200°F). 
1.2 Classif icat ion.  me sealing. compound s h s l l  be of the  
following types a s  specified (see 6.2) : 
Type I - For brush o r  dip  applicotioas 
Type I1 - f o r  extrusion application, gun o r  spatula 
Type I11 - For spray gun application 
Type I V  - For fayin3 surface application, gun o r  
spatula 
1.2.1 Dash numbers. The following dash numbers s h a l l  be 
~ s e d  t o  designate tk minimum. appl icat ion time i n  hours. 
Type I - Dash numbers s h a l l  be -112 and -2 
Type I1 - Dash nwbers  s h a l l  be -i!2, -2 and -4 
Type TI1 - Dash number s h a l l  be -1 
Type I V  - Dash numbers aha l l  be -12, -24, -40 and -48 
Example - Type I-& sha l l  designate a, brushable material  having an appl icat ion 
time of hour. Type 1-2 s h a l l  designate an application time of 2 hours. 
A l l  other types and dash numbers s h a l l  be designated i n  a s imilar  manner. 
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ABBREVIATIONS AND ACRONYMS 
American Society f o r  Testing and Mat e r  i a1 s 
dry-f i l m  thickness 
Federal 
Federal stock number 
f ixed service s t ruc tu re  
Kennedy handbook 
John F. Kennedy Space Center 
National Association o f  Corrosion Engineers 
National Aermautics and Space Administrat ion 
number 
Occupat ioaal Safety and Health Act 
pound per square inch 
Steel Structures Paint ing Council 
S t  and ard 
JOHN F. KENNEDY SPACE CENTER, NASA 
CORROSION CONTROL OF LAUNCH STRUCTUKES AND 
GROUND SUPPORT ECUI PMENT, STANDARD FOR 
I. SCOPE 
This document estab ishes standard procedures f o r  t he  prevent ion o f  atmospheric 
cor ros ion of  exposed carbon s tee l ,  s ta in less  s tee l ,  and aluminum through t h e  
appl i c a t i o n  o f  p ro tec t i ve  coatings, It def ines the  requirements f o r  mate- 
r i  a1 s, equipment , safety,  procedures, and qua1 i t y  assurance inspect ion. 
2. APPLICABLE DOCUMENTS 
. The fo l low ing  documents of the issue i n  e f f e c t  on date o f  i n v i t a t i o n  f o r  b ids  
o r  request f o r  proposals form a pa r t  of the  standard t o  t h e  extent spec i f i ed  
herein. I n  the  event o f  c o n f l i c t  between t h e  documents referenced here in  and 
t h e  contents o f  t h i s  standard, the contents o f  t h i s  standard s h a l l  be con- 
s idered a superseding requirement. 
2.1 Governmental. 
2.1.1 Standards. 
John F. Kennedy Space Center (KSC), NASA 
KSC-STD-S-0004 Color Coding of F l u i d  Systems Pip ing 
F eder a1 
F ED-STD-595 Colors 
2.1.2 Other Documents. 
John F. Kennedy Space Center (KSC) , NASA 
KHB 1710.2 KSC Safety Pract ices Handbook 
M i l i t a r y  
Technical Manual , Corrosion Prevention and 
Control fo r  Aerospace Equipment 
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(Copies o f  spec i f  i c a t  ions, standards, drawings, and pub1 i c a t  ions required by 
suppl iers  i n  connection w i t h  t he  app l i ca t ion  o f  t h i s  procedure should be ob- 
tained from t h e  procur ing a c t i v i t y  or  as d i rec ted  by the  Contract ing Of f icer . )  
2.2 Non-Governmental . 
American Society f o r  Testing and Mater i a1 s (ASTM) 
ASTM A 123 
ASTM A 153 
ASTM A 525 
Zinc (Hot-Gal vanized) Coatings on Products 
Fabr icated Fram Ro l l  ed, Pressed, and Forged 
Steel Shapes, Plates,  Bars, and S t r i p  
Zinc Coating (Hot-Dip) on I ron  and Steel Hard- 
ware 
General Requirements f o r  Steel Sheet, Zinc- 
Coated (Galvanized) by the Hot-Dip Process 
(Appl i c a t i o n  f o r  copies should be addressed t o  the American Society f o r  
Test ing and Mater ia ls ,  1916 Race Street,  Ph i l  adel ph i  a, Pa. 19103.) 
Nat ional  Association o f  Corrosion Engineers (NACEL 
NACE ST0 TM-01-70 Visual Standard for  Surfaces of New Steel A i r -  
b l a s t  Cleaned With Sand Abrasive 
(Appl i c a t i o n '  f o r  copies should be addressed t o  t he  National Association o f  
Corrosion Engineers, P.O. Box 218340, Houston, Tex. 77218.) 
Steel Structures Paint ina Council (SSPCI 
Measurement o f  Dry Paint  Thickness With Mag- 
ne t i c  Gages 
SSPC-SP- 10 Near White Bl ast Cleaning 
(App l i ca t ion  f o r  copies should be addressed t o  the Steel Structures Paint ing 
Council ,  4400 F i f t h  Avenue, Pi t tsburgh, Pa. 15213.) 
3. MATERIALS 
3.1 Abrasives. - One o f  t he  fo l low ing  ~ b r a s i v e s  sha l l  be used when spec i f ied 
i n  sect ion 6. 
3.1.1 Abrasive B las t ing  Mater ia l .  
3.1.1.1 S i l i c a  Sand, - The s i l  i c a  sand sha l l  be unused, standard, commercial - 
grade, b l  as t ing sand. The s ize  sha l l  be medium (approx inate ly  20130) mesh f o r  
b l  ast ing carbon s tee l  and f i n e  (approximately 30165) mesh f o r  b l  ast  ing a1 umi - 
num. 
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3.1.1.2 Nut Shells. - The nut-shel l  abrasive sha l l  be Shel lb las t ,  manufac- 
tured by Agrashell ,  Inc., R.D. No, 2, Bethlehen, Pa. 18017, telephone (215) 
837-6705, o r  equal. The s i ze  sha l l  be 14/30 mesh f o r  general use. Other. 
s izes may be used as circumstances d ic ta te .  
3.1.2 Abrasive Sanding Discs and Sheets. - The sanding d iscs sha l l  be t ype  
0, and t h e  sanding sheets sha l l  be Tr i -M- I te  Wetordry, manufactured by 3M 
Automotive Trades Div is ion,  St.  Paul, Minn. 55144, o r  equal. 
3.1.3 Abrasive Discs. - The abrasive d iscs sha l l  be Scotch-Br i te Clean I N '  
S t r i p  d iscs manufactured b.y 3M C l  eanins Products D iv i s ion ,  S t .  Paul . Minn. 
55144, o r  equal . 
- - 
3.2 Pro tec t i ve  Coatings. - The fo l lowing coat ings,  o r  approved equals, s h a l l  
be used when spec i f i ed  i n  sect ion 6. Company addresses are given i n  3.4. 
3.2.1 Inorganic Zinc, P o l y a i d e  Epoxy, and A1 i p h a t i c  Polyurethane Coatings. - 
Refer t o  t a b l e  1. 
Tab1 e 1. Inorganic Zinc, Polyamide Epoxy, and A1 iphat  i c  Polyurethane Coatings 
Inorganic Zinc 
Coat ing/Primer 
Dimetcote 6 o r  
EZ 
Carbo Zinc 11 
Gal va-Pac 101 
Catha-Coat 304 
Ganicin 347-931 
Mobi lz inc 7 
NAPKO 52 1375 
Zincguard No. 3 
Gal vanox Type V 
A1 iphat  i c  
Polyurethane 
F i n i s h  Coat 
Amercoat 450GL 





Val -Chem 40 
Nap-Thane 5900 
Seat h ane 
Subthane 3000 
I n h i b i t i v e  
Pol yamide Epoxy 
Primer/Intermedi a te  
Amercoat 182 
Carbol ine 193 PR 
Copoxy 920-Y- 134 
Devran 201 
Corl ar 825-Y-9031 ' 
Val -Chem 13-R-60 
Epoxycote 5616 
EPOXYSEA No, 1 HF 
Capox A 8051 
1 
Manufacturer 
h e r o n  P.C.D. 
Carbol ine Company 
Cook Paint  and 
Varnish Co. 
Cevoe & Raynolu, 
Co. 
E. I. Dupont 
deNemours 
Mobil e Chemical Co. 
The O'Brien Corp. 
Seaguard 
Subox D i v i s  ion, 
Carbol ine Company 
ORIGINAL PAGE rS 
OF POOR QUALlly 
3.2.2 High-Sol i ds  Alumin~rn Epoxy Mastic Coatings. - Refer t o  t a b l e  2. 
Tabl e 2. High-Sol i ds  A1 uminum Epoxy Mastic Coatings 
3.2.3 Inorganic Topcoats. - Refer t o  t a b l e  3. 
Tabl e 3. Inorganic Topcoats 
Product 
Amercoat 390 
Cdrhmast i c  15 
A1 umapoxy 75-A- 1 
-- 
Manufacturer 
h e r o n  P.C.D. 
Carbol i ne  Company 
Mobi le Chemical Co. 
3.2.4 Vinyl Primers and Vinyl Ac r y l i c  F i n i sh  Coatc. - Refer t o  t a b l e  4. 
Product 
Amercoat 741 
Cook No. 411-A700 
Table 4. Vinyl Primers and Vinyl Ac r y l i c  F i n i sh  Coats 
Manufacturer 
h e r o n  P.C.D. 
, Cook Paint  and Varnish Co. 
Manufacturer 
h e r o n  P.C.D. 
Devoe & Raynolds Co. 
G l  idden Coatings & 
Resins 
Mobil Chemical Co. 
Primer 
h e r c o a t  187 
Chem- VY-Kote P-62 
G l  id-Guard 5521 
Val -Chem 80-R-8 
F in i sh  Coat 
h e r c o a t  35 
Chem-VY-Kote 151xx 
G l  id-Guard 5523 
Val -Chem 80 Series 
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3.2.5 Aerocoat AR-7, - Aerocoat AR-7, manufactured by 8. F. Goodrich Aero- 
space and Defense Products. This i s  ava i l  able a t  KSC Supply under Federal 
stock number (FSN) 8130-00-485-3656. 
3.3 Seal ants lcaulk ing.  - The seal ant sha l l  be a se l f -cur ing,  s ing le-  
component, po lysu l  f ide-rubber type. This i s  ava i l  able a t  KSC Supply under FSN 
8030-01-008-0969 or  8030-00-965-2397. 
3.4 Manufacturers' Addresses, - Manufacturers o f  the  products l i s t e d  i n  t h i s  
sect ion can be contacted a t  t he  ~ o l l o w i n g  addresses: 
a. h e r o n  P.C.0, 
201 N. Berry St reet  
Brea, Cal i f  . 92621 
(714) 529-1951 
b. Carbol ine Company 
350 Hanl ey I ndus t r i a l  Court 
St. Louis, Mo. 63144 
(314) 644- 1000 
c. Cook Paint and Varnish-Co. 
P.O. Box 389 
Kansas Ci ty ,  Mo, 64141 
( 816) 391-6000 
d. Devoe & Raynolds Co. 
P.O. Box 7600 
L o u i s v i l l e ,  I(y. 40207 
(502) 897-9861 
e. E. I. duPont deNemours 
1007 Market St reet  
Wilmington, Del. 19898 
(302) 774-8279 
f. G l  idden Coatings & Resins 
D i v i s i on  o f  SCM Corp. 
900 Union Commerce Bu i ld ing  
Cl eve1 and, Ohio 44115 
(216) 344-8000 
g. Mobil Chemical Co. 
P.O. Box 250 
Edison, N.J. 08817 
(201) 321-6000 
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h. The OIBrien Corp. 
NAPKO D i v i s i o n  
P.O. Box 14509 
Houston, Tex. 77021 
(713) 641-0661 
i. Seaguard 
P.O. Box 669 
Portsmouth, Va. 23705 
(804) 488-PC11 
j. Subox D i v i s i o n  
Carbol i n e  Company 
40 Burlews Court 
Hackensack, N. J. 07601 
(201) 343-6533 
4. EQUIPMENT 
4, l  Compressed A i r .  - The compressed a i r  system s h a l l  be  capable o f  d e l i v e r -  
i ng  a  continuous n o z z l e  pressure o f  90 pounds per square i nch  ( p s i )  t o  each 
b l a s t  nozz le  i n  operat ion.  The requ i red  a i r  capac i t y  w i l l  depend upon t h e  
c o n f i g u r a t i o n  o f  the abrasive b l a s t i n g  system used. The a i r  system should 
comply w i t h  t h e  i n s t r u c t i o n s  and recommendations o f  t h e  manufacturer o f  t h e  
abrasive b l a s t i n g  system. The compressed a i r  system s h a l l  be q u i p p e d  w i t h  
o i l  and mo is tu re  separators t o  ensure o n l y  c lean,  d r y  a i r  i s  p rov ided t o  t h e  
s e r v i c e  out1 et.  
4.2 Abrasive B l a s t  1,1g System. - The abras ive  b l a s t i n g  system s h a l l  be an 
Occupational Safety and Heal th Act (GSHA) -approved c o n f i g u r a t i o n  c o n s i s t i n g  
o f ,  b u t  no t  l i m i t e d  t o ,  a  remote-control1 ed welded pressure  pot  conforming t o  
Anerican Society o f  Mechanical Engineers standards, t h e  requ i red  1  ength of  
b l a s t  hose, a  tungsten ca rb ide  v e n t u r i  nozzle, a  r e s p i r a t o r y  a i r  l i n e  f i l t e r ,  
and a  b l  ast hood approved by t h e  Mine Safety and Heal th Admin i s t ra t i on /  
Nat i ona i  I n s t i t u t e  o f  Occupational Safety and Heal th w i t h  the  requ i red l e n g t h  
o f  a i r  hose. The b l a s t i n g  system s h a l l  be designed t o  produce a  minimum noz- 
z l  e  pressure o f  90 p s i  when coup1 ed w i t h  t h e  a v a i l  ab le  compressed a i r  supply. 
4.3 High-Pressure Water System. - The high-pressure c lean ing system s h a l l  be 
capabie o f  de l  i v e r i n g  a  minimum opera t ing  pressure o f  1,000 p s i  at  a  minimum 
product ion  volume o f  3.5 gal l ons  per minute. The system shal i be capable of 
chemical p ickup and despos i t  ion. 
4.4 Needle Scaler. - The needle sca le r  s h a l l  be o f  t h e  t ype  and s i r e  r e q u i r e d  
t o  perform t h e  work descr ibed i n  6.1.3.1. The need1 es s h a l l  be rep1 aced when 
they become d u l l  and rounded. 
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4.5 Coating Appl i c a t i o n  -- System. - The coat ing appl i c a t i o n  equipment sha l l  be 
an a i r l e s s  spray systen or a c ~ n v e n t i o n a l  spray s y s t m ,  o r  both, i n  accordance 
w i t h  t he  coat ing manufacturer's recornmendat.ions. 
4.6 Inspect ion Instruments. - The fo l low ing  inspect ion items sha l l  be used i n  
accorKnce w i t h  the  requirements o f  ~ e c t i o n  7. 
6.6.1 Instruments f o r  Determining h b i e n t  Weather Conditions. - The f o l l ow ing  
instruments sha l i  be used f o r  determining ambient weather condi t ions:  
a. Psychrometer - temperature, humidity, and dewpoint 
b. Surface temperature gage 
4.6.2 Instruments and Mate r ia l s  f o r  Checking Surface P r e ~ a t i o n .  .- - The f o l -  
lowing sha l l  be used t o  determine compl iance w i t h  surface preparat ion requ i re -  
ments : 
a. Clean, whi te  c l o t h  - compresed a i r  o i l  contamination 
b. Hypodel-rnic neeal e a i r  pressure gage 
c. Surface preparat ion v isua l  standards 
d. Surface p r o f i l e  gage or  coinparator 
4.6.3 Instruments and Mate r ia l s  f o r  Checking Coating Appl icat ion.  - The f o l -  
lowing sha l l  be used t o  determine compl iance w i t h  coat ing appl i ca t i on  requ i re -  
ments : 
a. Magnetic d r y - f i l m  thickness (DFT) gage 
b. Cal i b r a t i o n  standards 
5. SAFETY REQUIREMENTS 
Necessary precautions, ,,-I accordance w i t h  OSHA regu la t ions  and KHB 1710.2, 
sha l l  be taken t o  ensure the  safety  o f  personnel performing t he  work requi red 
by t h i s  document and personnel who may be af fec ted by such work. Some of t he  
mater ia l  hand1 ed i n  accordance w i th  t h i s  document are combustible, or  t ox i c ,  
o r  both. The cont ractor  sha l l  he responsible f o r  prov id ing equipment as 
requi red f o r  safe appl i ca t i on  and f o r  i n s t r u c t i n g  t h e  uszrs regarding t he  
hazards and proper handling procedures t o  prevent damage t o  heal th  or poss ib le  
explosion. 
6. PROCEDURES 
6.1 Preparation o f  Surfaces. - A l l  surfaces t o  be coated s h - , l  be clean, dry, 
and f r e e  from o i l ,  grease, d i r t ,  dust, corrosion, peel ing pa in t ,  weld spat ter ,  
and any o t h e r  su r face  contaminants. Sharp edges and rough welds s h a l l  be 
rounded o f f ,  and a l l  weld s p a t t e r  s h a l l  be removed. A l l  sur faces t h a t  w i l l  
become inaccess ib l  e a f t e r  e rec t i on  o r  111stal l  a t i on ,  o r  both, s h a l l  be prepared 
and coated w h i l e  accessib le.  Carbon s t e e l  f a y i n g  surfaces t h a t  a re  p a r t  o f  
t h e  fr i c t i o n - t y p e  join-cs s h a l l  be abras ive  b l  as-tnd a ~ d  coated w i t h  inorgan ic  
z inc ,  i n  accordance w i t h  6.2, p r i o r  t o  i n s t a l  1 a t  ion. Surface p repara t i on  and 
coat  ir ig opera t  ions  s h a l l  be sequenced so t h a t  f r e s h l y  sppl i ed  coat ings  w i l l  
no t  be contaminated by dust  o r  f o r e i g n  matter .  A l l  equipment and adjacent  
sur faces n o t  t o  be coated s h a l l  be p ro tec ted  f rom s t t r face prepara t ion  opera- 
t ions .  Working mechanisms s h a l l  be p ro tec ted  aga ins t  i n t r u s i o n  o f  abrasive. 
A1 1 sur faces s h a l l  be degreased, as requ i red,  p r i o r  t o  subsequent sur face 
p repara t i on  procedures o r  t h e  appl i c a t  i on  o f  p r o t  x t i v e  coat ings  , o r  both. 
6.1.1 Deqreasing. - Surfaces s h a l l  be degreased by so l ven t  c lean ing,  d e t e r -  
gent w a 3 i n g ,  o r  steam cleaning.  
6.1.2 Abtasive B las t ing .  - Surfaces s h a l l  be abras ive  b las ted  according t o  
6.1.2.1 and 6.1.2.2. The abrasive b l a s t i n g  m a t e r i a l  s h a l l  be c lean and d r y .  
and s h a l l  conform t o  3.1. Abrasive res idue s h a l l  be removed from t h e  surface,  
l e a v i n g  it clear, and dry  p:-ior t o  t h e  a p p l i c a t i o n  of coat ings.  
6.1.2.1 Carbon Steel .  - Carbon s t e e l  s h a l l  be abras ive  b las ted  t o  near -wh i te  
metal (NACE no. 2 i n  accordance w i t h  NACE STD TM-01-10) w i t h  s i l  i c a  sand con- 
forming t o  t h e  requirements i n  3.1.1.1. The anchor p r o f i l e  o f  t h e  b l a s t e d  
su r face  s h a l l  be 1.0 t o  2.0 m i l s ,  as i nd i ca ted  by a Keane-Tator sur face gro- 
f i l e  comparator, o r  s i m i l a r  device. A l :  r u s t  s h a l l  be complete ly removed from 
p i t s  and depressions. A l l  weld s l a g  and' f o r e i g n  ma t te r  s h a l l  be removed froill 
welds. A minimurn b l a s t  nozz le  pressure o f  90 p s i  s h a l l  be mainta ined through- 
ou t  a1 1 opera t i ng  per iods.  
A1 uminum, 
CAUTION 
Aluminum i s  suscep t ib le  t o  d i s t o r t i o n  when it i s  abra- 
s i v e  b lasced w i t h  s i l  i c a  sand. Special ca re  s h a l l  be 
taken t o  ensure against  any metal d i s t o r t i o n  by reduc- 
ing  b l a s t  nozz le  pressure and i n c r e a r i ~ l g  t h e  w r k i n g  
d i s tance  from n c z z l e  t o  surface. I n  some cases, such 
as i n  t h e  su r face  p repara t i on  o f  1 i$::.-gage a1 uminum 
sheet, these precaut ions may no t  Ct. ,.u;'ricient t o  pre-  
vent d i s t o r t i o n ,  and an a l t e r n a t e  p:'clc~dure, such as 
sanding o r  mechanical c lean ing,  must be used t o  remove 
co r ros ion  o r  roughen t h e  sui-face. 
Aluminum s h a l l  be abrasive b las ted  w i t h  f i n e  s i l l c a  sarrd confor t~ i ing t o  t h e  r e -  
quirements i n  3.1.1.1 t o  remove co r ros ion  o r  roughen t h e  surfaces. Nut-she1 1 
abrasive,  mesh s i z e  conforming t o  3.1.1.2, s h a l l  be used f o r  removing o l d  
coa t ing  from aluminum t h a t  i s  i n  good cond i t i on .  
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6.1.3 Mechanical Methods. - Surfaces s h a l l  be prepared by ~ n e ~ h a n i c a l  lnethods 
according t o  6.1.3.1 and 6.1.3.2. 
6.1.3.1 Carbon Steel.  - Carbon s t e e l  s h a l l  be mechan ica l ly  cleaned us :ng 
needle sca le rs  and/or abrasive d i s c s  o r  wheels. A l l  co r ros ion  and fo re ign  
ma t te r  s h a l l  be removed, 1  eaving t h e  sur face c l  eanl iness  equ iva len t  t o  near-  
w h i t e  ~ n e t a l  (SSPC-SP-10 f o r  r u s t  removal on ly ) .  
6.1.3.2 S ta in less  Steel and Aluminum. - S t a i n l e s s  s t e e l  and a lu~ i i inu~n s h a l l  be 
a e c h a n i c z l l y  c l  eaned us ing  ahras ive  d i scs  o r  abras ive  sanding shezts or  d i s c s  
cdnforming t c  3.1. A l l  c o r t ~ d s i o n  and f o r e i g n  ma t te r  s h a l l  be co~np le te l y  re -  
~noved. 
6.1.4 High-Pressure Water hash. - Surfaces s h a l l  be prepared by washing w i t h  
po tab le  water  under h igh  pressure (1,000 p s i ,  minimum). Chemical c l ean ing  
w i t h  de tergent ,  bleach, o r  o the r  c lean ing  agents may be requ i red  t o  remove 
sur face conta iminants p r i o r  t o  washing w i t h  water. Surfaces s h a l l  be f r e e  o f  
a l l  f o re ign  ma t te r ,  s ~ c h  as d i r t ,  l oose  coa t i ng ,  and su r face  chalk,  
6.1.5 Chemical Treatment. - Surfaces s h a l l  be chemica l ly  t r e a t e d  w i t h  a  
phosphoric ac id  s o l u t i o n  of s u f f i c i e n t  concen t ra t i on  t o  p r o v i d e  a  un i fo rmly  
etched su r f  dce. React ion products and r e s i d u e  s h a l l  be comple te ly  removed 
from t h e  sur face p r i o r  t o  t h e  a p p l i c a t i o n  of coat ings.  
6.2 Appl i c a t i o n  o f  Coatings. - A l l  prepared sur faces  s h a l l  be coated w i t h i n  6 
h o u r s a f t e r .  compl e t  i o n d f r f  dce p repa ra t i on  and before  r u s t i n g  o r  ' recontami - 
n a t i o n  occurs. Any surface no t  coated w i t h i n  6 hours  o r  t h a t  shows r u s t i n g  o r  
cc- taminat ion ,  regardless of t h e  l e n g t h  o f  t ime,  a f t e r  p repa ra t i on ,  s h a l l  be 
reprepared. 
The a p p l i c a t i o n  and hand l ing  c h a r a c t e r i s t i c s  o f  a l l  coa t i ngs  w i l l  vary. To 
o b t a i n  op t i~ i~um performance, adequate i n s t r u c t i o n s  from t h e  manufacturer a r e  
essen t i a l  and must be c l o s e l y  fo l lowed,  i n  con junc t i on  w i t h  t h e  requirements 
def ined herein.  The manufacturer 's  recanmendat ions f o r  t h i n n i n g ,  mix ing ,  
hand1 ing,  and apply ing h i s  product  s h a l l  be considered a  p a r t  o f  t h i s  docu- 
niel:t. I n  t h e  event o f  c o n f l  i c t  between t h e  requirements o f  t h i s  document and 
t h e  mdnufacturer ' s  recommendat ions,  t h i s  document s h a l l  t ake  precedence. 
A1 1  coat ings  s h a l l  be thorough iy  worked i n t o  a1 1  j o i n t s ,  c rev i ces ,  and open 
spaces. A l l  newly coated surfaces s h a l l  be p ro tec ted  from damuge. A l l  equip-  
ment and adjacent sur faces not  t o  be coated s h a l l  be p ro tec ted  from overspray. 
6.2.1 Coating Systans. - Coat ing systems f o r  s p e c i f i c  uses and subs t ra tes  
s h a l l  bg as def ined i n  6.6, 6.7, and 6 . 8  and s h s l l  conform t o  3.2. A l l  coa t -  
ings, t h inne rs ,  and cl eariers s h a l l  be a  product  o f  t h e  smile manufacturer. 
Coating systens c o n s i s t i n g  o f  Inure than one coat  s h a l l  be p r o j u c t s  o f  t h e  same 
manufacturer. C o n t i n u i t y  o f  t h e  coa t i ng  ~ i i anu fac tu re r ' s  systen s h a l l  be ma!n- 
t a i n e d  f o r  t h e  du ra t i on  of an i n d i v i d u a l  p r o j e c t .  Inorgan ic  z inc  coa t i ngs  
s h a l l  be t i n t e d  green s i m i l a r  t o  FED-STD-595, c o l o r  no. 34226, w i t h  a  f u g i t i v e  
pigment t h a t  w i l l  fade t o  gray when l e f t  untopcoated and exposed t o  a s a l t -  
weathering environment. F i n i sh  coat co lo rs  fo r  general serv ice sha l l  approxi - 
mate FED-STQ-595, co l o r  no. 16473, gray. Color coding f o r  f l u i d  system p ip i ng  
sha l l  be i n  accordance w i t h  KSC-STU-S-0004. 
6.2.2 Storage of Coating Mater ia ls ,  - Coating mate r ia l s  sha l l  be stored i n  
t h e i r  o r i y i n a l  containers bearing t h e  ~nanufacturer 's name, product i d e n t i f  i ca -  
t i o n ,  and-batch number. coat ings,  th inners ,  and cleaners sha l l  be stored i n  
t i g h t l y  closed containers i n  a covered, we1 1 - v e n t i l  ated area whore they w i l l  
not  be exposed t o  sparks, flame, d i r e c t  sun1 igh t ,  o r  r a i n f a l l .  The manufac- 
t u r e r ' s  i ns t r uc t i ons  f o r  temperature 1 im i t a t i ons  sha l l  be f o l  lowed. 
6.2.3 Mixing and Appl i c a t i o n  Ins t ruc t ions .  - Coating mate r ia l s  sha l l  be 
thoroughly mixed p r i o r  t o  appl i ca t i on  w i t h  a mechanical mixing instrument, 
such as a J i f f y  Mixer, manufactured by the J i f f y  Mixer Company, Inc., San 
Francisco, Cal i f . ,  o r  equal. The mixer sha l l  be powered by an a i r  motor or  an 
explos ion-proof el  e c t r i c  motor. The mater i  a1 sha l l  be ag i ta ted slowly dur ing 
appl i c a t i o n  t o  maintain uni form suspension o f  sol  ids. Coht inuous rap id  ag i ta -  
t i o n  sha l l  be avoided. The mixed coat ing mater ia l  sha l l  be s t ra ined through a 
30- by 60-mesh screen p r i o r  t o  appl icat ion.  Thinning s h a l l  be for  wo rkab i l i t y  
and improved spray cha rac te r i s t i c s  only. The manufacturer's recommended 
th inner  3nd amount sha l l  be used. Sprqy equipment sha l l  be adjusted t o  pro-  
duce an wen, wet coat w i t h  minimum werspray.  The conventional pressure pot, 
when used, sha l l  be kept at approximately t he  same l eve l  o r  above the  spray 
5un fo r  proper mater ia l  del ivery.  Coatings shal l  be appl ied i n  even, para1 l e l  
passes, over1 appiny 50 percent. Special a t t en t i on  sha l l  be pa id  t o  welds, 
cutouts,  sharp edges, r i v e t s ,  crevices, and b o l t s  t o  ensure complete coverage 
and proper thickness. 
6.2.4 Environmental Condit icns. - No coat ing sha l l  be appl ied wnen r a i n  i s  
imminent or  when the temperature or humidi ty i s  outs ide l i m i t s  recommended by 
the coat ing manufacturer. To prevent moisture condensation dur ing appl i ca -  
t i o n ,  surface temperature must be at l eas t  5 degrees Fahrenheit (-15 deyrees 
Celsius) above the  dewpoint. 
6.2.5 Methods o f  Appl icat ion.  - Coatings sha l l  be appl ied w i t h  a i r l ess  o r  
conventional spray equipment, or both, according t o  4.5. Appl i ca t i on  w i t h  
brushes w i l l  be permit ted f o r  minor touchup and when spray app l i ca t ion  i s  pro-  
h i b i t e d  i n  the area of work. 
6.2.6 Coating F in ish.  - Each coat 3 f  mater ia l  applied sha l l  be f ree of runs, 
says, b l  i s t e r s ,  bubbles, and m u d c r ~ ~ k i n q ;  va r i a t i ons  i n  co lo r ,  g loss,  and 
tex tu re ;  and hol idays (missed areas), excessive f i l m  bu i ldup,  fore ign contami- 
nants, d ry  overspray, etc. Special care sha l l  be taken t o  ensure complete 
coverage and proper thickness on we1 Js, corners, crevices,  sharp edges, b o l t s  , 
nuts, and r i v e t s .  
6.2.7 Coating DFT. - Inorganic z inc  coat ings sha l l  be appl ied t o  a DFT o f  4.0 
~ i ~ i l s ,  minimum, t o  8.0 m i l s ,  maximum, when they w i l l  be l e f t  untopcoated. When 
t h e  z inc coat ings art? t o  be topcoated, the  DFT sha l l  be reduced t o  2.5 m i l s ,  
o~inimum, t o  4.0 mi ls ,  maximum. A l l  o ther  coat ings sha l l  be appl i ed  t o  t h e  DFT 
recommended by the manufacturer. The f i l m  th ickness o f  the  topcoats sha l l  be 
s u f f i c i e n t  t o  ensure uni form coverage and co lo r .  The proper DFT for  each coat 
sha l l  be obtained i n  a s i n g l e  appl i ca t ion ,  which may cons is t  of m u l t i p l e  
passes. 
6.2.8 Codt i ng  Drying and Curing. - The coat ing manufacturer's recornended 
dry ing and cur ing t imes f o r  hand1 ing, recoating, and topcoat ing s h a l l  be f o l -  
lowed. 
o f  a l l  fay ing  surfaces, j o i n t s  open less  
and skip-welded j o i n t s  tha t  w i l l  be exposed 
t o  the  e x t e r i o r  environment sha l l  be completely sealed. The seal ant sha l l  3e 
a s e l f  -curing, sing1 e-component , polysul  f ide-rubber type, conforming t o  3.3. 
The seal ant sha l l  be grqy i n  co l o r  and appl ied t o  t h e  j o i n t  w i t h  a cau lk ing  
gun fo l low ing  t h e  appl i c a t i o n  o f  the inorganic z inc  primer. The bead s h a l l  be 
hand too led  t o  a smooth and uni form f i n i sh .  
b.4 Galvanizing. - Galvanizing sha l l  be accomplished a f t e r  f ab r i ca t i on  by t h e  
hot-dip process conforming t o  ASTM A 123, ASTM A 153, or  ASTM A 525, as re- 
qu i red i n  6.6. The weight of t he  z inc coat ing sha l l  be no t  less  than 2.0 
ounces per square f oo t  o f  surface. 
6.5 Zones of Exposure. - The fo l lowing zones o f  exposure are establ ished t o  
def ine coat ing systern requirements f o r  surfaces located i n  spec i f i c  e ~ v i r o n -  
a. Zone 1. Surfaces tha t  rece ive rocket engine exhaust impingment 
b. Zone 2. Surfaces tha t  rece ive elevated temperatures [above 150 
m s  Fahrenheit (65 degrees Cels ius) ]  and acid depos i t ion from 
sol  i d  rocket booster exhaust w i t h  no exhaust impingement 
c. Zone 3. Surfaces, other than those located i n  zones 1 or  2, tha t  
_. 
receive acid deposi t ion from sol  i d  rocket booster exhaust products 
d. Zone 4. Surfaces not  located i n  t he  1 aunch environment 
b.6 Spec i f i c  Protect  ion Requirements. - Spec i f ic  requirements for  new work 
and complete rsefurbishment p ro jec ts  are def ined i n  6.6.1, 6.6.2, and 6.6.3. 
Maintenance procedures f o r  appl ied coat ings are def ined i n  6.7. 
6.6.1 Pro tec t i cn  o f  Carbon Steel. - Carbon s tee l  surfaces sha l l  be protected 
from e x t e r i o r  atmospheric corrosion through the app l i ca t ion  o f  an inorganic 
zinc coat ing or  by hot -d ip  galvaniz ing, as def ined herein. Whenever possible,  
new s t r uc tu ra l  components, such as s t a i r  treads, g ra t ing ,  handrai ls,  pipes, 
hardware (nuts, bo l t s ,  and fasteners) ,  and corrugated s tee l  sheets sha l l  be 
ho t -d ip  galvanized i n  accordance w i t h  6.5, as appl i cab l  e. A l l  other carbon 
s tee l  surfaces sha l l  be coated w i t h  inorganic z inc  conforming t o  3.2 i n  accor- 
dance w i t h  6.2. The zinc coat ings may requ i r e  topcoat ing w i t h  addi t iona l  pro-  
t e c t i v e  coatings, as spec i f i ed  herein. 
6.6.1.1. Surface Preparation. - Carbon s tee l  sha l l  be prepared for  t he  appl i- 
ca t i on  o f  an inorganic z inc coat ing by abrasive b l a s t i n g  i n  accordance w i t h  
6.1. Galvanized carbon steel  sha l l  be prepared by using one o f ,  or a combina- 
t i o n  of, t h e  surface preparat ion methods spec i f i ed  i n  6.1. Choice of method 
w i l l  depend upon t he  condi t ion and con f igu ra t ion  o f  t he  surface. The z inc 
coat ings sha l l  be maintained or  rendered c1 ean, dry,  and f r e e  from contami- 
nants p r i o r  t o  t he  appl i c a t i o n  of topcoat systems. The galvanized s tee l  sha l l  
be o i l  and grease f r e e  and s l i g h t l y  roughened. 
6.6.1.2 Topcoat Systems f o r  Zinc Coatings. - The f o l l ow ing  topcoat systems 
sha l l  be appl ied over t he  z inc  coat ings as requi red f o r  each zone o f  exposure 
described i n  6.5: 
a. Zone 1. Zinc coat ings sha l l  be l e f t  untopcoated. 
b. Zone 2. An inorganic topcoat conforming t o  3.2.3 sha l l  be appl ied i n  
accordance w i t h  6.2. 
c. Zone 3. An epoxy i n t e rmed ia te l t i e  coat and a polyurethane f in- ish 
coat conforming t o  3.2 sha l l  be appl ied i n  acc~rdance w i t h  6.2. 
' (Note: S t ruc tu ra l  members o f  the f i x e d  se rv i ce  s t ruc tu res  (FSS's) 
are coated w i t h  a v i ny l  a c r y l i c  coa t ing  and sha l l  be maintained 
according t o  6.7.) 
d. Zone 4. No topcoats are required. except f o r  co l o r  coding, safety, 
i d e n t i f i c a t i o n ,  or  special  condi t ions.  
6.6.2 Pro tec t ion  o f  Stainless Steel. - Sta in less s tee l  surfaces sha l l  be pro-  
tec ted  as fo l lows. 
6.6.2.1 Surface Preparation. - Sta in less s tee l  sha l l  be prepared according t o  
6.1 i n  accordance w i t h  6.1.1 o r  6.1,3, or  both, as requi red by t he  cond i t i on  
o f  the  s u r f  ace. 
6.6.2.2 Pro tec t i ve  Costing. - A n i t r i l  e rubber base aluminum coat ing conform- 
ing t o  3.2.5 sha l l  be appl ied t o  a l l  exposed s ta i n l ess  s tee l  i n  accordznce 
w i t h  6.2. 
6.6.3 Pro tec t ion  o f  Aluminum. - - A l l  aluminum surfaces sha l l  be protected as 
f o l  lows. 
6.6.3.1 Surface Preparation. - Aluminum s h a l l  be prepared according t o  6.1 i n  
accordance w i t h  6.1.1 through 6.1.4, as requi red by t h e  cond i t i on  and con f ig -  
u ra t  ion o f  t he  su r f  ace. 
6.6.3.2 Pro tec t i ve  Coatings. - The fo l low ing  p r o t e c t i v e  coat ings sha l l  be 
appl i ed  t o  aluminum surfaces as requi red f o r  each zone o f  exposure described 
a. Zones 1 and 2. Aluminum s h a l l  be l e f t  untopcoated. 
b. Zone 3. An epoxy primer and a polyurethane f i n i s h  coat conforming t o  
3.2 sha l l  be appl ied i n  accordance w i t h  6.2. 
c. Zone 3. No p ro tec t i ve  coat ings are requi red fo r  normal atmospheric 
serv ice;  however, aluminum t h a t  i s  located w i t h i n  2 t o  3 mi les  o f  t he  
coast1 ine  should be coated according t o  i tem b. itbove. 
6.7 Repair and Maintenance o f  Appl i e d  Coatings. - Ex i s t i ng  prev ious ly  appl i e d  
coat ings and newly appl ied coatings sha l l  be repai red and maintained i n  ac- 
cordance w i t h  t h e  fo l low ing  schedule ( r e fe r  t o  t a b l e  5). Choice of surface 
preparat ion method and subsequent coat ing requi red s h a l l  be determined by fac- 
t o r s  such as t h e  present cond i t i on  of t h e  surface and operat ional  r e s t r i c t i o n s  
i n  t he  area o f  work. Corroded surfaces sha l l  be abrasive b lasted whenever 
possible. Mechanical methods should be used on ly  when abrasive b l a s t i n g  i s  
impract ica l  or  p roh ib i t ed  i n  the  area o f  work. 
6.8 Prov is ion f o r  Nonskid Surfaces. - Where a nonskid walk ing sur face i s  re- 
quired, an aggregate such as sand, walnut she l l s ,  aluminum oxide, or  pumice 
can be incorporated i n t o  the f i n i s h  coat t o  prov ide uni form roughness as re- 
quired. 
7. QUALITY ASSURANCE PROVISIONS 
7.1 Inspect ion P r i o r  t o  Surface preparat ion and Coating Appl icat ion.  - The 
f o l  lowing cond i t i ons  sha l l  be inspected p r i o r  t o  commencement of surface prep- 
a ra t ion  and coat ing appl i c a t  ion operations. 
7.1.1 Surface Condition. - The surface cond i t i on  sha l l  be v i s u a l l y  inspected 
for  compl iance w i t h  6.1. A l l  grease and o i l  must be completely removed. 
Sharp edges and rough we1 ds must be rounded o f f ,  and a l l  weld spa t te r  must be 
removed. 
7.1.2 Protect ion o f  Adj ncent Surfaces. - Surfaces sha l l  be v i s u a l l y  inspected 
for  adequate p ro tec t ion  o f  adjacent surfaces i n  accordance w i t h  6.1 
7.1.3 Ambient Weather Condit ions. - The ambient weather condi t ions at t h e  
actual E a t i o n  o f  the  work sha l l  be determined before and dur ing surface 
preparat ion and coat ing app l i ca t ion  operations t o  ensure they are co r rec t  f o r  
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t h e  work being conducted. The a i r  temperature, re1 a t i v e  humidity, and dew- 
p o i n t  s h a l l  be determined through t h e  use o f  a psychrometer i n  accordance w i t h  
t h e  manufacturer 's  i ns t ruc t ions .  The surface temperature s h a l l  be determined 
by us ing a magnetic surface temperature thermometer. 
7.1.4 Compressed A i r  Clean1 iness. - The compressed a i r  supply s h a l l  be i n -  
spected f o r  t h e  use o f  i n l i n e  mois ture  and o i l  t raps.  Proper funct ion ing o f  
t h e  t raps  s h a l l  be p e r i o d i c a l l y  evaluated by a l l ow ing  t h e  a i r  supply (down1 i n e  
Crom t h e  t r a p s )  t o  blow against a clean, wh i te  c l o t h  f o r  several  minutes. No 
mois tu re  o r  o i l  should be deposi ted on t h e  c l o t h .  
7.2 Surface Preparat ion Inspection. - The f o l l o w i n g  inspect ions s h a l l  be made 
t o  ensure compliance w i t h  the  sur face preparat ion requirements i n  6.1. 
7.2.1 Abrasive B l a s t i n g  Mate r ia l .  - The abrasive b l a s t i n g  mate r ia l  s h a l l  be 
inspected f o r  compliance w i t h  3.1 and sec t ion  6. 
7.2.2 B l a s t  Nozzle A i r  Pressure. - The a i r  pressure a t  t h e  b l a s t  nozzle s h a l l  
be determined through t h e  use o f  a hypodermic needle a i r  pressure gage. The 
needle o f  t h e  gage should be inse r ted  as c l o s e  t o  t h e  nozz le  as p r a c t i c a l l y  
poss ib le  and i n  t h e  d i r e c t i o n  o f  the  nozzle. Pressure readings should be 
taken w i t h  t h e  b l a s t i n g  system i n  complete operat ion.  The nozzle pressure 
s h a l l  conform t o  6.1.2.1. 
7.2.3 Degree o f  Surface C l  eanl iness. - The sur face c l  eanl iness s h a l l  be 
inspected a f te r  t h e  completion of surface preparat ion procedures t o  determine 
compl i ance w i t h  t n e  appl i c  abl e requirements o f  6.1. The degree of c l  eanl iness 
of  abrasive-bl  asted carbon s tee l  s h a l l  be v e r i f i e d  through t h e  use o f  v i s u a l  
standards i n  accordance w i t h  5.1.2.1. The sur face preparat ion c l  eanl iness 
requirements def ined i n  6.1 s h a l l  be app l i cab le  t o  100 percent  o f  t h e  sub jec t  
area, i nc lud ing  places t h a t  are d i f f i c u l t  t o  reach. 
7.2.4 Surface P r o f i l e  o r  2oughness. - The anchor p r o f i l e  o f  a sandblasted 
carbon s tee l  sur face s h 3 l l  be determined by us ing a sur face p r o f i l e  gage o r  
comparator. The p r o f i l e  s h a l l  be i n  accordance w i t h  6.1.2.1. Aluminum sur -  
faces s h a l l  be v i s u a l l y  inspected as requ i red  f o r  s l i g h t  roughening i n  accor- 
dance w i t h  6.1.2.2. 
7.3 Coating Appl i c a t i o n  Inspect ion.  - The f o l  lowiny  inspect ions s h a l l  be made 
t o  ensure compliance w i t h  t h e  coa t ing  a p p l i c a t i o n  requirements def ined i n  6.2. 
7.3.1 Surface Condi t ion.  - The prepared sur face s h a l l  be v i s u a l l y  inspected 
and t h e  t ime  before  coat ing s h a l l  be monitored f o r  compliance w i t h  6.2 before 
, 
coat ings are appl ied. 
7.3.2 Coating Mate r ia l s .  - The coa t ing  mate r ia l s  s h a l l  be v i s u a l l y  inspected 
f o r  compl i ance w i t h  6.2.1. 
7.3.3 Storage o f  Coating Mater ials.  - Coating mater ia l  storage condi t ions 
sha l l  be p e r i o d i c a l l y  inspected f o r  compliance w i t h  6.2.2. 
7.3.4 Mixing and Appl icat ion o f  Coatings. - The mixing and appl icat ion o f  a l l  
coat ings sha l l  be v i s u a l l y  inspected t o  ensure compl iance w i t h  6.2.3, 6.2.5, 
and 6.2.8. 
7.3.5 Coating F in i sh  and DFT. - The f i n i s h  and DFT o f  t h e  applied coat ing 
sha l l  be i n s ~ e c t e d  f o r  com~ l i ance  w i t h  6.2.6 and 6.2.7. The OFT measurement. 
sha l l  be taken using a magnetic gage i n  accordance w i t h  SSPC-PA2. ' 
7.4 Caulking Inspection. - A l l  surfaces sha l l  be inspected t o  determine com- 
p l iance  w i t h  the requirements f o r  seal ing and caulk ing def ined i n  6.3. 
7.5 Galvanizing Inspection. - Galvanized carbon steel  sha l l  be inspected i n  
accordance w i t h  t he  appl i cab le  ASTM standard as def ined i n  6.4. 
8. NOTES 
For informat ion and guidance on d i ss im i i a r  metals, co r ros ion- inh ib i t i ng  l u b r i -  
cants, corrosion o f  e l e c t r i c a l  equipment, etc., r e f e r  t o  1.0. 1-1-2. 
NOTICE. When Government drawings, spec i f  i ca t ions ,  or other data are used f o r  
any purpose other than i n  connection w i t h  a d e f i n i t e l y  r e l a ted  Government pro-  
curement operation, the United States Government thereby incurs no responsi- 
b i l  i t y  nor any obl  iga t ion  whatsoever; and t h e  f a c t  t h a t  t h e  Government may 
have formulated, furnished, or i n  any way suppl ied  t he  sa id  drawings, spec i f i -  
cat ions or other data i s  not  t o  be regarded by imp1 i c a t i o n  o r  otherwise as i n  
any manner l i cens ing  t h e  holder or any other person or corporation, or convey- 
ing any r i g h t s  o r  permission t o  manufacture, use, o r  s e l l  any patented inven- 
..ion t ha t  may i n  any way be re1 ated thereto.  
Custodian : Preparing A c t i v i t y :  
NASA - John F. Kennedy Space Center John F. Kennedy Space Center 
Kennedy Space Center, F l o r i d a  32899 Design Engineering D i rec to ra te  
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PROTECTIVE COATING OF STRUCTURAL CARBON STEEL 
PART1 GENERAL 
1.1 Scope 
This sect ion covers coating systems, material s, surface preparation, and 
appl icat ion of protect ive coatings on s t ruc tura l  carbon s tee l .  
1.2 Delivery, Hand1 ing and Storage 
Materials stla1 1 be del ivered in  their or iginal  , unbroken containers bearing the 
manufacturer's name, product i den t i f i ca t i on  and batch number. 
Coatings, thinners ,  and cleaners  shal l  be s tored in t i g h t l y  closed containers 
i n a covered, we1 1-ventil ated area h e r e  they will not be exposed t o  extreme . 
cold o r  heat, sparks, flame, d i r ec t  sun1 igh t ,  o r  r a in fa l l .  
1.3 Protection of Equi pment and Aa jacent Surfaces 
A i  1 equipment and adjacent surfaces shal l  be protected from damage such as,  but 
not 1 imi ted  t o ,  abrasive intrusion,  overbl a s t  , overspray, e tc .  
1.4 Personnel Safety 
Necessary preceut i ons shal l  be taken in  accordance w i t h  OSHA regul a t  i ons t o  
ensure safety of personnel engaged in  these operations and personnel rho may be 
affected by such operations. Sane of the  materials t o  be handled under this 
spec i f ica t ion  a re  combust i bl e and/ o r  toxic.  Using materi a1 sa fe ty  information 
provided by the manufacturer, t he  Contractor shal l  be responsible f o r  providing 
equipment as  required f o r  sa fe  appl i ca t ion  and ins t ruc t ing  the users regarding 
the hazards and proper handling procedures t o  prevent damage t o  health o r  
possible explosion. 
1.5 Contractor Submittals and Requi r m e n t s  
The fol  1 owing information and documentation shall  be submitted. 
a. Iden t i f ica t ion  of subcontractor,  when appl icable.  
b. A 1 is t  of a l l  mater ia ls  proposed f o r  use on t h i s  project  and the 
manufacturer' s catal  og data on each. 
c. Color char t  f o r  f i n t sh  coats ,  when applicable. 
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PART 2 ROOUCTS 
2.1 Abrasive Blasting Material 
The b las t ing  abrasive shal l  be unused sharp s i l i c a  sand, medium mesh, ( approximately 20/30). 
2.2 Sealant Compound 
The sealant  shall  be a self-curing, s ing le  com nent, polysulfide-rubber type 
conforming t o  FS TT-S-230. The sealant  shall  go e gray in  color  and capable of 
being applied i n to  the  j o i n t  with a caulking gun. 
2.3 Protective Coatings 
2.3:1 Coatings 
Coatings shal l  be selected from t ab l e  1 and included in  the submittals o f  1.5b. 
No subs t i tu t ion  shal l  be made without t h e  approval of the  Contractf ng Officer. 
A1 1 coatings,  thinners ,  and cleaners  shal l  be a product of the  same 
manufacturer. Coating systems consis t ing of more than one coat shal l  be 
productc of t h e  same manufacturer. 
Inorganic zinc .shall be t i n t ed  green, simil i a r  t o  FED-STD-595 P34226 with a 
fug i t i ve  pigment t h a t  will  fade t o  gray when l e f t  untopcoated and exposed t o  a 
s a l t  weathering enviroment. Finish coat co lor  shal l  be as specif ied in t he  
coating schedule (3.8). 
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Table 1. Coating Types 
INHIBITIVE ALIPHATIC 
INORGANIC ZINC POLYAMIDE EPOXY POLYURETHANE MANUFACTURER 
Dimetcote 6 Pmercoat 182 Pmercoat 45061 h e r o n  P.C.D. 
o r  U 201 N. Berry Street 
Brea , Cal i f o r n i  a 92621 
714/529-1951 
Carbo Zinc 11 Carbo-1 i ne 193 PR Carbol i ne 134 Carbol i ne Company 
350 Hanley Inaus t r ia l  C t .  
St. Louis, Missouri 63144 
3 14/644-1000 
Gal va-Pac 101 Copoxy 920-Y-134 Acrothane 975-426 Cook Paint & Varnish Company 
P.0. BOX 389 
Kansas C i ty  , M i  ssouri 64141 
816/391-6000 
Catha-Coat 304 Devran 201 Oevthane 239 Devoe & Raynolds Company 
P. 0. Box 7600 
Lou i sv i l l e ,  Ky. 40207 
502/897-9861 
Ganicin 347-931 Corl a r  825-Y-9031 Imron DuPont 
1007 Market Street 
W i 1 mi ngton , DE 19898 
302/774-8279 
Mobi 1 zinc 7 Val-Chem 13-R-60 Val-Chem 40 Mobil Chemical Company 
P.O. Box 250 
Edison, New Jersey 08817 
201/321-6000 
NAPKO 5Z 1375 Epoxycote 5616 Nap-Thane 5900 The O'Brien Corp. 
NAPKO Div is ion  
P. 0. Box 14509 
Houston, Texas 77021 
713/641-0661 
Zincguard no. 3 EPOXSEA no. 1 HF Seathane Seaguard 
P. 0. Box 669 
Portsmouth, V i  r g i n i a  23705 
8041488-441 1 
Galvanox type V Capox A 8051 Subthane 3000 Subox Di v. ,  Carbol i ne Co. 
40 Burl ews Court 
Hackensack, New Jersey 07601 
201/343-6533 
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2.3.2 F in i sh  Colors 
F in i sh  co lo rs  for  coat ing system no. 2 (see 2.3.1 f o r  co lo r  o f  no. 1 coatdnq 1 
system) sha l l  conform t o  the f o l  lowing FED-STD-595 numbers &en spec i f ied  i n  I 
3.8. 1 : 
White Y17875 Red 111136 Gray Y16473 ! 
Blue #I5102 (Safety) I Red (Safety) dl1105 Gray (Safety) 516187 I 
Yellow (Std.) Y13538 Bl  ac k #I7038 Browri Y10080 (Safety) - i 
Ye1 1 ow (Safety) Y13655 Green 114110 (Safety) I 
PART 3 EXECUTION I 
3.1 Surface Preparation 
3.1.1 General 
A; 1 surfaces h i c h  w i  1 1 become inaccessible a f t e r  i n s t a l  1 at'on, and f a y i  ng 
surfaces h i c h  are pa r t  o f  f r i c t i on - r ype  j o i n t s ,  sha l l  be prepared and s a t e d  
w i t h  inorganic z inc on ly  p r i o r  t o  I ns ta l l a t i on .  
I 
A l l  prepared surfaces sha l l  be coated w i t h i n  6 hours a f t e r  completion o f  
surface preparat ion and before rus t i ng  o r  recontamination occurs. Any surfaces 
not coated w i t h i n  6 hours o r  kh ich  show rus t i ng  o r  contamination, regardless o f  
t he  leng th  of t ime a f t e r  preparation, sha l l  be reprepared. 
Surface preparat ion and coat ing operations shal l  be sequenced so t ha t  f r e s h l y  
appl i e d  coatings w i  1 1 not be contaminated by dust o r  fo re ign  matter. 
A1 1 surfaces sha l l  be inspected and degreased as required p r i o r  t o  subsequent 
surface preparatdon and/or the appl i c a t i o n  o f  p ro tec t i ve  coatings. 
3.1.2 Abrasive Bl ast ing (AB) 
Abrasive b l as t i ng  sha l l  conform t o  NACE Standard TM-01-70, M C E  82. 
Compressed a i r  used f o r  abrasive b l  a s t i  ng sha l l  be f r e e  o f  mi s tu re  and o i  1 . 
Surfaces not t o  be b lasted are: 
Galvanized s tee l  , except k e n  spec i f ied  i n  the coat ing schedule 
P is ton  rods and bearing surfaces 
Pref i  n i  shed surfaces having ceramic and baked enamel f i n i s h  coats 
Conduit 
Factory primed e l e c t r i c a l  boxes, panels, and supporting accessories, 
1 i g h t i n g  f i x t u r e s  and e l e c t r i c a l  cable i n s t a l  l a t ion .  
Abrasive b l as t  w i t h  clean dry  s i l i c a  sand, mesh s ize as def ined i n  2.1. 
Maintain a minJmum nozzle pressure o f  90 psi .  
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Ralove a1 1 weld slag and fore ign matter from welds. 
Blast  t o  achieve a 1 t o  2 m i l  anchor p r o f i l e  as indicated by a Keane Tator 
Surface Prof i  1 e ,Canparator o r  s imi l  a r  dsvice,. 
Completely remove a1 1 rus t  and corrosion from p i t s  and depressions. 
Do not reuse sand. 
Remove a l l  traces o f  abrasive residue and/or dust from the surface leaving 
i t  clean and dry. 
3.1.3 Mechanical Cleaning (MC) 
Where mechanical cleaning i s  specif ied i n  the coatins scb . u l e  (3.8), needle 
scalers and/or ~ b r a s i v e  discs o r  &eels shal l  be used. 
3.1.4 Inspection o f  Surface Preparation 
lmmediat;ly a f t e r  the surface i s  prepared, ii rill be inspected by the 
Contracting Of f i cer  t o  determi ne compl iance w i th  the spec i f i ca t ion  f o r  surface 
preparatian. Any areas not meeting the surface preparation requirements shal l  
be recleaned u n t i l  approved. No coatings shal l  be appl ied  u n t i l  the surface 
preparation i s  approved. 
3.2 Coating Systems 
The fo? lowing coating systems shal l  be used vhen specif ied i n  3.8. 
No. 1 Inorganic z i  nc 
No. 2 Inorganic zinc ( f i r s t  coat) 
I n h i b i t i v e  polyamide epoxy (second coat) 
A1 i pha t ic  polyurethane ( f i n i s h  coat) 
3.3 Coating Appl i c a t  i on 
3.3.1 General 
The appl icat ion and handl ing  character is t ics o f  a l l  coatings w i l l  vary. To 
obtain optimum performance, 8dequate ins t ruc t ions  from the manufacturer are 
esserttial and must be c losely  followed, i n  conjunction wi th the requi rments o f  
t h i s  specif icat ion. 
The manufacturers' recomnendations f o r  thinning, mixing, handl ing, and applying 
h i s  product shal l  be considered a part  of  t h i s  specif icat ion. I n  the event of 
conf l  i c t  between the requirements of t h i s  spec i f i ca t ion  2nd the ~canufacturers 
recomnendations, t h i s  speci f icat ion shal l  take precedence. 
Compressed a i r  used f o r  spraying coatings shal l  be f ree  or mi sture and o i  1 . 
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Each coat of material appl i e d  shal l  be f ree frm runs, sags, b l  i s t e r s  , bubbles, 
mud cracking, var iat ions i n  col or, gloss and texture, hol idays (missed areas) , 
. excessive f i l m  bui ld,  foreign contaminants, dry overspray, etc. 
No coating shal l  be appl i c a  h e n  r a i n  i s  imminent o r  &en the temperature 
and/or humidity i s  outside the l i m i t s  recommended by the coating manufacturer. 
A1 1 coatings' shai 1 be thoroughly worked i n t o  a1 1 j o in ts ,  crevices, and open 
spaces. 
A1 1 n e ~ l y  coated surfaces shal l  be adequately protected from damage. 
To prevent moisture condensation during application, surface temperature must 
be a t  leas t  5 degrees F (3  degrees C) above the dew point. 
A pl a l l  csatings by a i r l ess  and/or converitional s ray r 3.3.2. Ai r less 1 T s a1 be used f o r  large surface areas. Conventiona sha 1 be used f o r  small 
areas o f  i n t r i c a t e  conf igurat ion and touchup. 
k
3.3.2 Mixing and Appl i ca t i on  Procedures 
S t i r  material thoroughly w i th  a mixjng instrunrent such as a J i f f y  Mixer, 
manuf~ctured by the J i f f y  Mixer Company, Inc., San Francisco, Cal i forn ia,  o r  
equal. Mixer must be powered by an a i r  motor o r  an explosion-proof e l e c t r i c  
motor. 
S t ra in  the mixed material through a 30 t o  60 mesh screen. 
Provide cor,tinuous s l  ow ag i ta t ion  during appl i ca t i on  o f  a1 1 coatings t o  
maintain uniform suspension. Avoid continuous rapid agitation. 
Thin f o r  workabil i t y  and improved spray character is t ics only. Use only the 
manufacturers' recommended t h i  nner and amount. 
Adjust spray equipment t o  produce an even wet coat w i th  minimum overspray. 
Apply i n  even para1 1 e l  passes, over1 apping 50 percent. Pay special a t ten t ion  
t o  welds, cut-outs, sharp edges, r ivets,  crevices, and bo l t s  t o  ensure proper 
coverage and thickness. 
Keep pressure pot, when used, a t  the same level  or above the spray gun f o r  
proper material del ivery. 
When dry through (dry t o  handle), check the f i l m  thickness w i th  a 
nondestructive dry f i l m  thickrless gage such as a i.,. 'crotest. If less than 
specif ied thickness, apply a!? -" t i ona l  material as required. 
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3.3.3 Dry Film Thickness (DFT) 
The coatings shall be appl ied t o  the-following dry film thicknesses. 
a. Inorganic ti nc (coating system no. 1) - 4 (minimum) t o  8 (maximum) mil s 
b. Inorganic zinc (coating system no. 2) - 3 (minimlrm) t o  4 (maximum) n;il s 
c. Inhibitive polyamide epoxy - 2 mils (minimum) 
d. A1 iphatic polyurethane - 2 mils (minimum), but sufficient to  cover 
previ ous coat. 
3.4 Touchup 
Abrasions that  occurred during shipment or erection shall be touched up as 
fol 1 ows : 
a. Inorganic zinc for touchup and repair of i t se l f  
b. Inhibitive polyamide epoxy and a1 iphatic polyurethane for  touchup and 
repair of the complete system 
Surface preparation shall be as specified i n  3.1.2 and/or 3.1.3. Appl ication 
shall conform t o  3.3. 
3.5 Caul king 
Caulking shall be accomplished af ter  application and cure of the inorganic zinc 
coating. 
All exterior joints shall be caulked, including but  not limited to,  the 
following: 
a. Perimeter of fayir~g and bearing surfaces of structural members. 
b. Perimeter of structural bolt heads and nuts. 
c. Joints in members between intermittent welds. 
d. Perimeter of bearing surfaces between floor plates and supporting 
members (inside, outside, top. and bottom). 
e. Stair  treads h e r e  joined to channel stringers. 
f. A1 1 openings of 112 inch or smaller. Use foam f i l l e r  back-up material 
as required. 
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3.6 Inspection 
The work as described herein w i l l  be inspectea f o r  canpliance wi th t h i s  
specif icat ion by the Contracting Officer. . 
I n  addition, the Contractor shall provide f o r  inspection of  h is  work t o  assure 
these specif icat ion requirements are f u l  f i 1 1 ed. 
3.7 Cleanup 
Upon completion of each days work, the Contractor shall remove a1 1 discarded 
and/or sirrpl us material and secure a l l  equipment and materials t o  a safe and 
organized stale. 
3.8 Coating Schedul e 
FINISH COLOR 
FOR COATING 
SURFACE SURFACE PREP . COATING SYSTEM SYSTEM NO. 2 
DESCRIPTION (SEE 3.1) (SEE 3.2) (SEE 2.3.2) 
-- End of Section -- 
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ASTM D-2000 
COMMERCIAL CHEMICAL ANTIOZONANTS FOR ELASTONERS 
Chemical Name Trade Name Supplier 
N,N'-bis (1-ethyl-3-methyl U.O.P. 88 UOP Inc 
pentgl)-p-phenylenediamine UP0 Process Division 
10 UP0 Plaza 
Des Plaines, IL 60016 
N,N1-di-3 (5 methylheptyl) 
p-pheny lenediamine 
N,N'-bis (l-methylhepty1)- 




Antozite 2 R. T. Varlderbilt Co., 
30 Winfield St. 
East Norwalk, CT 06855 
Santoflex 17 Monsanto Company 
800 N, Lindbergh Blvd. 
St. Louis, MO 63166 
ANT03 "B" Pennwalt Corp. 
Three Pky. 
Philadelphia, PA 19102 
Flexzone 8L Uniroyal, Inc. 
'hemical Division 
Rubber Avenue 
..augatuck, CT 06770 
U.O.P. 288 UOP Inc. 
Antozite 1 R. T. Varlderbilt Co. 
Santoflex 217 Monsanto Company 








6-ethoxy-1, 2-dihydro-2, 2, 4- 
trime thy lquinol ine 
N-phenyl-N1-(1, 3 dimethyl 
buty1)-p-phenylenediamine 
Trade Nane - Supplier 
Cyzone DH American Cyanamid Co. 
Rubber Chemicals Dept. 
Easton Turnpike 
Bound Brook, NJ 08805 
Santoflex 77 Monsanto Copmpany 
U.O.P. 788 UOP Inc. 
Antozite MPD R. T. Vanderbilt Co. 
Flexzone 4L Uniroyal Chemical 
Eastozone 33 Eastman Chemical Prod. 
200 S. Wilcox 
Kingsport, TN 37662 
Antiozidant 4030 Mobay Chemical Co. 
Penn Lincoln Parkway West 
Pittsburgh, PA 15205 
Flexzone 30 Uniroyal Chemical 
Ant ioz idant Mobay Chemrcal Co. 
[SO 1ONA 
Santoflex IP Mons ant o Company 
Flexzone 6H Uniroyal Chemical 
Flexzone 5L Uniroyal Chemical 
Santoflex AW Monsanto Company 
Flexzone 7L Uniroyal Chemical 
antozite 67 K. T. Vanderbilt Co. 
Santoflex 13 Monsanto Company 
Antiozidant 4020 Mobay Chemical Co. 
Wingstay 300 Goodyear Tire C Rubber Co. 






Complex blend of diaryl- Wingstay 250 
alkyl, aryl-p-phenylenedi- 
a amines Wingstay 275 
p, ' -diaminodiphenylmethane Tonox 
(also called) 
4,4'-methylenedianiline 
A synergistic blend of 
antiozonants, antioxidants, 
and anti suncheck agents 
Nickel dibutyl dithio- 
carbarnate 
1, 3 dibutyl thiourea 
or 
1, 3 dibutyl-2-thiourea 




N-oc t y 1-N ' -pheny i-p- 
pheny lened iamine 
Hindered diaryl-p- 
















R. T. Vanderbilt Co., Inc. 
Uniroyal Chemical 
Goodyear Tire 6 Rubber Co. 
Goodyear Tire & Rubber Co. 
Uniroyal Chemical 
Sterwin Chemicals 
90 Park Avenue 
New York, NY 10016 
E. I. DuPont de Nemours & Co. 
Organic Chemicals Dept. 
1007 Market Street 








Pennwal t Corp. 
E. I. DuPont de Nemours & Co. 
Goodyear Tire & Rubber Co. 
Goodyear Tire & Rubber Co. 
Chemical Name 
Free flowing powder 
N,N1-dicyclohexyl-p- 
phenylenediamine 
11111 blend of dioctyl, 




Blend of alkyl and aryl 














C. P. Hall Co. 
7300 S. Central Avenue 









9215 Hillview Drive 
Clarence, NY 14031 
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